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CLINICAL AND EXPERIMENTAL 


EFFECT OF LARGE DOSES OF PREDNISONE ON THE RENAL 
LESIONS AND LIFE SPAN OF PATIENTS WITH LUPUS 
GLOMERULONEPHRITIS 


Victor E. PouiaK, M.B., M.R.C.P.E.,* Conrap L. Prrant, M.D., a2 
Ropert M. Karxk, F.R.C.P., F.A.C.P. 
Cuicaco, ILL. 


In 1957 we reported on ten patients with lupus glomerulonephritis who 

had been studied by percutaneous renal biopsy. They had been treated with 

an average of 50 mg. of cortisone daily. All died an average of 18.8 months 

after they were first studied; eight died in renal failure. Swhsequently, 

sixteen patients with lupus glomerulonephritis were treated with large doses of 
prednisone—an average of 47.5 mg. daily for 6 months. Only seven have died, 

five in renal failure. The other nine are living now, an average of 34.2 months 

after they were first studied. 

The two groups of patients were compared in detail at the time of the 
initial biopsy study and before treatment began. They were comparable both 
clinically and in terms of renal function. Detailed histologic analyses of the 
initial renal biopsies showed comparable severity and activity of the renal 
lesions. Serial histologic studies showed progression and continued activity of 
the renal lesions in the group treated with small doses of prednisone. In the 
high steroid group, the active lesions decreased or disappeared in most patients ; 
glomerular basement thickening and adhesions were the main residua in the 
glomeruli. 
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In the low steroid group, all patients died, whether the serum wrea nitrogen 
was less or greater than 30 mg. per 100 ml. when they were first studied. In 
the high steroid group, the serum urea nitrogen initially was greater than 30 mg. 
per 100 ml. in five patients; all died in renal failure. It was less than 30 mg. 


per 100 ml. initially in eleven patients, nine of whom are alive and not in renal 
failure. 


HE natural history of renal involvement in systemie lupus erythematosus 

has been deseribed in a previous report from this laboratory.‘ Clinical 
studies, tests of renal function, and serial pereutaneous renal biopsies were 
made on thirty-one patients ill with systemie lupus erythematosus. A diagnosis 
of lupus glomerulonephritis was made on the initial biopsy from ten of these 
thirty-one patients, who were first studied in 1953 to 1955. All of them have 
died, eight in renal failure, and two of exacerbations of systemic lupus erythem- 
atosus in the presence of moderately severe azotemia. These ten patients 
lived an average of 13.8 months from the date of the initial histologic study. 
As eight of the ten patients with lupus glomerulonephritis had been treated 
with cortisone or hydrocortisone, we concluded that: ‘‘Unfortunately we did 
not find any evidence of regression of structural damage to the kidney following 
treatment with cortisone.’” 

These patients had received sufficient cortisone only to control their clinical 
symptoms—50 mg. daily, on the average. Shortly after these unfavorable 
results of treatment became known to us a chance observation led us to evaluate 
the effects of larger doses of prednisone on the clinical course and histologic 
progression of lupus glomerulonephritis.* 

During the period from 1956 to 1958 lupus glomerulonephritis was diag- 
nosed histologically in sixteen patients who were treated, irrespective of their 
symptoms, with a minimum dose of 40 mg. of prednisone daily for 6 months 
(equivalent to 160 to 200 mg. of cortisone daily). Seven have died, but the 
other nine are still living, 34 months after the initial renal biopsy study and 
after the start of treatment with large doses of prednisone. 

In this paper we will show that the two series of patients with lupus 
glomerulonephritis were similar when they were first studied by renal biopsy. 
Our purpose is to demonstrate that treatment with large doses of prednisone is 
superior to symptomatic treatment with small doses of cortisone; that treat- 
ment with large doses of prednisone prevents or delays the onset of renal failure; 
and that it prevents or delays the progression of the renal lesions. 


MATERIALS AND METHODS 


Clinical.—The diagnosis of systemic lupus erythematosus was made on the basis of a 
wide variety of clinical symptoms and signs, and abnormal laboratory tests, including the 


lupus erythematosus cell test. Details of the diagnostic criteria used have been published 
previously.1 


*In late 1955 we considered the possibility that the prolonged use of cortisone in high 
dosage might affect the renal lesions favorably by suppressing effectively the antibody produc- 
ing mechanism. At this time serial renal biopsy studies had become available on one patient 
with lupus glomerulonephritis, whose systemic symptoms were so severe as to require 150 to 300 
mg. of cortisone daily for 6 months. There was histologic evidence that the renal lesions 
had not become worse in the 6 month period in which large amounts of cortisone were given. 
In the other patients studied until 1955 the renal lesions progressed while the patients were 
being treated with small doses of cortisone. 
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Histologic—The kidney may not be involved by the disease process in systemic 
lupus erythematosus. When it was affected the renal lesions were characterized as lupus 
glomerulitis or lupus glomerulonephritis.. The term ‘‘glomerulitis’’ was used to indicate 
a proliferative and/or membranous lesion of the glomerular tufts in the absence of any 
significant tubular damage or changes in the interstitial tissue. The term ‘‘glomerulo- 
nephritis’’ was used to indicate a proliferative and/or membranous lesion of the glomeruli, 
associated with tubular and interstitial tissue changes. Invariably the glomerular lesions 
were mild in lupus glomerulitis, considerably more severe in lupus glomerulonephritis.1 

Every abnormal renal biopsy and autopsy specimen was analyzed in detail. In addition 
to classification of the lesion as lupus glomerulitis or lupus glomerulonephritis, the 
structures listed below were assessed individually and graded on a scale from 0 (normal) 
to 4+ (extremely severe and affecting all or almost all of the particular structures). 


Glomeruli: Thickening of the capillary basement membrane, increase in cellularity 
of the tuft, ‘‘wire loop’’ lesions, ‘‘local necrotic’’ lesions, karyorrhexis, hematoxyphil 
bodies, fibrinoid deposition in or adjacent to the basement membrane, ‘‘hyaline’’ thrombi, 
adhesions of the glomerular tuft to Bowman’s capsule, and fibroepithelial crescents were 
all graded independently. From these observations an assessment of the degree of 
glomerular damage was made on a scale from 0 to 4+. 


Tubules and wterstitial tissue: Tubular damage was graded and assessed as a whole; 
the individual tubular changes evaluated included atrophy, degeneration, and dilatation. 
Edema, fibrosis, and inflammation were similarly evaluated for the interstitial tissue, and the 
presence of acute or chronic inflammatory cells was noted. 


Vessels: In the walls of the small arteries and arterioles the presence and severity 
of fibrinoid degeneration and of fibrotic changes were assessed and graded. 


Activity of the Renal Lesions.—Previous experience had indicated that certain histologic 
features were indicative of active and progressive lesions. Fibrinoid, local necrosis, 
karyorrhexis, hematoxyphil bodies, ‘‘wire loop’’ lesions, and hyaline thrombi were con- 
sidered to be of particular importance in the diagnosis of activity. All these factors were 
taken collectively into account in the assessment of the degree of activity of the pleomorphic 
glomerular lesions of lupus nephritis. Infiltration of the interstitial tissue, particularly 
around the glomeruli, with mononuclear and plasma cells was also considered to be a 
histologic sign of activity, as were fibrinoid changes in the walls of the small arteries 
and arterioles. 

Criteria for Admission of Patients to the Study.—The ten patients in the first group 
were studied initially from 1953 to 1955 and are hereafter referred to as the low steroid 
group. The diagnosis of lupus glomerulonephritis was made solely on the basis of the 
renal histology in the first renal biopsy. The second group, comprised of sixteen patients, 
was studied initially from 1956 to December, 1958, and includes all patients studied in 
this period with a diagnosis of lupus glomerulonephritis in the imitial renal biopsy. They 
are referred to hereafter as the high steroid group. The only criterion for selection of these 
patients for treatment with large doses of prednisone was that lupus glomerulonephritis 
was diagnosed in the first renal biopsy. No other clinical or laboratory tests entered into 
the selection of the patients for study. 


Biochemical Methods.—The biochemical methods used have been described previously.1 


Methods of Treatment.—The general measures used to treat patients with systemic 
lupus erythematosus and lupus nephritis have been described previously, as has the treatment 
of the nephrotic syndrome and of chronic renal failure with lupus nephritis.1 

Before the first renal biopsy was taken, six patients in the low steroid group had 
been treated with cortisone; fourteen patients in the high steroid group had been treated 
with cortisone and/or predisone (Table I). In only one instance in each of the groups 
did: the maintenance dose given before the initial study exceed 100 mg. cortisone or 25 mg. 
prednisone daily. 
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After the initial renal biopsy, the treatment of the two groups of patients was the 
same except for the dose of cortisone or prednisone. Eight patients in the low steroid 
group were treated with cortisone. The dose used was adjusted to suppress the patient’s 
symptoms, and the average maintenance dose was 50 mg. of cortisone daily. In the high 
steroid group the patients were deliberately treated with large doses of prednisone, ir- 
respective of the clinical symptoms, for approximately 6 months. No patient received less 
than prednisone, 40 mg. daily; the average dose was 47.5 mg. daily. At the end of this 
period a second renal biopsy was performed, and the dosage of prednisone was gradually 
decreased to a maintenance dose of 15 to 25 mg. daily. 


TABLE I. DURATION AND DOSAGE OF CORTISONE AND PREDNISONE TREATMENT BEFORE THE 
First RENAL Biopsy WAS TAKEN IN Two GROUPS OF PATIENTS WITH LUPUS 
GLOMERULONEPHRITIS 








LOW STEROID | HIGH STEROID 








PREVIOUS TREATMENT (10 PATIENTS )* (16 PATIENTS) t 
Duration of prior treatment.— 
Nil 4 2 
< 2 mo. 2 2 
2 to 6 mo. 2 4 
6 to 12 mo. 0 + 
> 12 mo. 2 4 
Maintenance dosage.- 
Nil 4 2 
Cortisone 50 to 100 mg./day 
or & 13 


Prednisone 10 to 25 mg./day 
Cortisone 100 mg./day 

or ] I 
Prednisone 25 mg./day 





*Patients studied initially 1953 to 1955.4 
+Patients studied initially 1956 to 1958. 


Initial Data: Evidence That the Two Series of Patients Were Similar When 
First Studied.— 

Our first experiences with large doses of prednisone in the treatment of 
lupus glomerulonephritis* were so gratifying that we considered it ethically 
unjustifiable to treat patients by random allocation to two series, the one re- 
ceiving small, the other large doses of prednisone. It is important, therefore, 
to demonstrate that the two series of patients with lupus glomerulonephritis 
were comparable when the first renal biopsy was made and before treatment 
was started. The clinical, biochemical, and histologic data obtained when the 
first renal biopsy was taken are given in Tables II to IV. For comparison, 
in these tables data are also presented from a series of patients in whom lupus 
glomerulitis* was diagnosed histologically in the initial renal biopsy.’ 


Imitial Clinical Observations (Table IIT).—The duration of systemic lupus 
erythematosus was comparable in the two series of patients with lupus glomeru- 
lonephritis. The known duration of renal involvement was estimated from the 
first time at which persistent proteinuria and persistent urinary sediment ab- 
normalities had been observed. In both series of patients with lupus glomerulone- 
phritis known urinary abnormalities had been present for many months. The 
initial blood pressure readings were similar in the two series of patients with 
lupus glomerulonephritis, as were the initial levels of the serum proteins. 


*For definition, see Materials and Methods. 
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Initial Renal Function Data (Table IIIT).—We found similar facility in 
concentration of the urine of the two groups of patients with lupus glomerulo- 
nephritis. The serum creatinine and urea nitrogen levels were slightly higher, 
and the urea clearance slightly lower in the low steroid group. These differences 
were not significant statistically. The initial serum urea nitrogen level was 
greater than 30 mg. per 100 ml. in five of ten patients in the low steroid group, 
but only in five of sixteen in the high steroid group (Table VII). 
TABLE IT. CLINICAL DATA AT THE TIME FIRST RENAL Biopsy WAS OBTAINED IN Two GROUPS 


OF PATIENTS WITH LUPUS GLOMERULONEPHRITIS. 
DATA ON A GROUP OF PATIENTS WITH LUPUS GLOMERULITIS ARE GIVEN FOR COMPARISON* 








LUPUS GLOMERULONEPHRITIS 








LUPUS 
LOW STEROID HIGH STEROID GLOMERULITIS 
(10 PATIENTS) t (16 PATIENTS) ¢ (10 PATIENTS) t 
Known duration of systemic lupus 2.2 2.1 1.6 
erythematosus (years) (0.4-15) (0.5-9) (0.3-11) 
Known duration of renal disease 11 10 1 
(months ) (2-24) (0-41) (0-2) 
Blood pressure (mm./Hg) 
Systolic 130 142 128 
(120-170) (110-190) (100-152) 
Diastolie 90 88 80 
(70-110) (60-130) (60-108) 
Serum albumin (Gm./100 ml.) 2.90 2.95 3.80 
(1.1-3.9) (2.0-3.8) (3.0-5.7) 
Serum globulin (Gm./100 ml.) 3.20 2.60 4.00 
(1.3-4.1) (1.5-4.6) (2.8-4.8) 





*The data are presented as median values, with the range in parentheses. 
+Patients studied initially 1953-1955.1 
tPatients studied initially 1956-1958. 


TABLE IIT. DATA ON RENAL FUNCTION AT THE TIME FirST RENAL Biopsy WAS OBTAINED 
IN Two GRouPS OF PATIENTS WITH LUPUS GLOMERULONEPHRITIS. 
DATA ON A GROUP OF PATIENTS WiTH LUPUS GLOMERULITIS ARE GIVEN FOR COMPARISON* 








| LUPUS GLOMERULONEPHRITIS 








LUPUS 
LOW STEROID HIGH STEROID GLOMERULITIS 
RENAL FUNCTION (10 PATIENTS) t (16 PATIENTS) ¢ (10 PATIENTS) t 
Maximum urinary specific gravity 1.018 1.017 1.028 
(1.010-1.020) (1.011-1.035) (1.020-1.032) 
Serum creatinine (mg./100 ml.) 2.0 1.55 1.0 
(0.8-3.9) (0.9-4.8) (0.8-1.3) 
Serum urea nitrogen (mg./100 ml.) 29 24 13.5 
(10-83) (9-88) (9-17) 
Urea clearance (% average normal 32 38 63 
renal function ) (11-61) (7-68) (50-89) 





*The data are expressed as median values, with the range in parentheses. 
+Patients studied initially 1953-19554 
tPatients studied initially 1956-1958. 


Initial Histologic Findings (Table IV ).—The scores in this table are average 
grades for each item on each biopsy. The maximum score possible was 4; this 
score would be attained only if the pertinent structure were maximally involved 
(4+) in every biopsy. 
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The over-all glomerular damage was similar in the two groups of patients 
with lupus glomerulonephritis, but there was evidence of more activity in the 
high steroid group. There was slightly more tubular damage and interstitial 
edema, fibrosis, and inflammation in the low steroid group. The differences 
between the initial biopsies from the two groups were very small, but the initial 
biopsies from both groups differed greatly from the initial biopsies in the 
patients with lupus glomerulitis. Detailed comparison of the individual glomeru- 
lar abnormalities indicated that the nature of the glomerular involvement was 
similar in the two groups of patients with lupus glomerulonephritis. 
TABLE IV. COMPARISON OF FINDINGS IN THE INITIAL RENAL BIOPSIES IN Two GROUPS OF 


PATIENTS WiTH LUPUS GLOMERULONEPHRITIS. 
DATA FOR A GROUP OF PATIENTS WITH LUPUS GLOMERULITIS ARE GIVEN FOR COMPARISON* 








LUPUS GLOMERULONEPHRITIS 














LUPUS 
LOW STEROID HIGH STEROID GLOMERULITIS 
HISTOLOGIC FEATURE ANALYZED (10 PATIENTS) t (16 PATIENTS) ¢ (10 PATIENTS) t 
Glomerult.— 
Basement membrane thickening 2.60 2.31 1.50 
Hypercellularity 1.60 1.44 0.70 
Ischemia 2.10 2.25 1.40 
Hyaline thrombi 0.00 0.44 0.00 
Wire loops 2.00 2.00 0.40 
Local necrosis 0.80 1.69 0.10 
Karyorrhexis 0.80 1.56 0.10 
Hematoxyphil bodies 0.40 0.81 0.00 
Fibrinoid 1.60 1.62 0.40 
Adhesions 1.20 2.19 0.10 
Fibroepithelial crescents 0.40 0.94 0.00 
Over-all glomerular damage 2.7 2.75 1.30 
Glomerular activity 2.20 2.50 0.40 
Tubules and interstitial tissue. — 
Over-all tubular damage 2.40 2.06 0.70 
Interstitial fibrosis 1.40 1.25 0.10 
Interstitial edema 1.50 1.25 0.00 
Interstitial inflammation 1.10 1.00 0.20 





*The figures given are average scores. See text for details of the system of scoring used. 
+Patients studied initially 1953-1955.1 
tPatients studied initially 1956-1958. 


RESULTS OF TREATMENT 


Time of Survival (Tables V and VI).—In the low steroid group, all ten 
patients died, and the average survival time after the initial study was 13.8 
months. Five died within the first 6 months, but one patient lived for 42 months 
before dying in uremia. 

By contrast, nine of the sixteen patients in the high steroid group are 
living now, an average of 34.2 months after the initial study. Seven patients 
who received large doses of prednisone have died, three within one month of 
the initial study, and the others 5 months, 22 months, 26 months, and 41 months 
later. The number of survivors at 6 monthly intervals after treatment was 
started is given in Table VI. 

Time of Survival in Relation to Initial Serum Urea Nitrogen Level (Table 
VII).—The initial serum urea nitrogen level was greater than 30 mg. per 100 
ml. in five patients in the low steroid group. All died, on the average, 15.0 
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months after the initial renal biopsy. The serum urea nitrogen level was less 
than 30 mg. per 100 ml. in the other five patients in the low steroid group. They 
survived, on the average, 12.8 months. 


TABLE V. SURVIVAL TIME IN Two GROUPS OF PATIENTS WITH LUPUS GLOMERULONEPHRITIS 











LOW STEROID* } HIGH STEROIDt 
No. of patients entering study 10 16 
No. of patients living as of 6/15/60 0 9 
Average follow-up time to death 
(months ) 13.8 13.4 
Average follow-up time of patients 
now living (months) 34.2 





*Patients studied initially 1953 to 1955.1 
+Patients studied initially 1956 to 1958. 


TABLE VI. SuRVIVAL TIME IN Two Groups OF PATIENTS WITH LUPUS GLOMERULONEPHRITIS* 








LOW STEROID | HIGH STEROID 








| (10 PATIENTS ) t | (16 PATIENTS) ¢ 
Alive at 6 months 5/10 12/16 
Alive at 12 months 4/10 12/16 
Alive at 18 months 3/10 12/16 
Ailve at 24 months 2/10 8/13 
Alive at 30 months 1/10 7/13 
Alive at 36 months 1/10 6/12 
Alive at 42 months 1/10 2/9 
Alive at 48 months 0/10 1/8 








*The first figure is the number of patients surviving at each 6 month period. The second 
figure is the number of patients who have been followed for the indicated length of time. 

+Patients studied initially 1953 to 1955.1 

tPatients studied initially 1956 to 1958. 


TABLE VII. SurvivaAL TIME IN LUPUS GLOMERULONEPHRITIS IN RELATION TO RENAL FUNCTION 
AT THE TIME TREATMENT WAS STARTED 




















LOW STEROID* l HIGH STEROIDt 
— | —_—_— 
| AVERAGE | AVERAGE 
| NUMBER | SURVIVAL | NUMBER SURVIVAL 
RENAL FUNCTION WHEN | OF NUMBER TIME OF NUMBER TIME 
TREATMENT WAS STARTED |PATIENTS| ALIVE |(MONTHS)|PATIENTS| ALIVE | (MONTHS) 














Serum urea nitrogen < 30 
mg./100 ml. 
or 5 0 12.8 11 9 33.8} 
Serum nonprotein nitrogen 
< 45 mg./100 ml. 


Serum urea nitrogen > 30 
mg./100 ml. 
or 
Serum nonprotein nitrogen 
> 45 mg./100 ml. 


*Patients studied initially 1953 to 1955.1 
+Patients studied initially 1956 to 1958. 
tSurvival time of two patients; duration of follow-up on nine. 
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In the high steroid group the initial serum urea nitrogen level was higher 
than 30 mg. per 100 ml. in five patients. All five died in uremia, three within 
one month, one 5 months and one 26 months after treatment began. The serum 
urea nitrogen level was less than 30 mg. per 100 ml. in eleven patients in the 
high steroid group. Only two have died, 22 months and 41 months after they 
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underwent treatment with large doses of prednisone. The exact cause of death 
could not be determined clinically or by postmortem examination. There was 
no evidence of deterioration of renal function at 3 months and 1 week, respec- 
tively, before death. The other nine patients are now living, an average of 
34.2 months after treatment with large doses of prednisone was started. In 
none is there evidence of progressive deterioration of renal function. 

The Effects of Treatment on the Renal Histology.—In all, 25 serial renal 
histologic studies were made on eight patients in the low steroid group, and 37 
serial studies were made on fourteen patients in the high steroid group. The 
degree of over-all glomerular damage and of the activity of the lesions in the 
glomeruli in each biopsy and autopsy specimen are plotted for each patient in 
Fig. 1, on a seale from 0 to 4+. In the low steroid group (Fig. 14) over-all 
glomerular damage increased with the passage of time; histologic evidence of 
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Fig. 1.—Summary of the over-all glomerular damage and of the activity of the glomerular 
lesions in two groups of patients with lupus glomerulonephritis. A, Those treated sympto- 
matically with small doses of cortisone. B, Those treated with large doses of prednisone for six 
months. In the low steroid group the over-all glomerular damage increased with the passage 
of time, and histologic activity persisted. In the high steroid group the over-all glomerular dam- 
age did not increase, and histologic activity either decreased or disappeared in most patients. 


activity persisted throughout the period of study except in Patient 10, who 
died with ‘‘end stage kidneys.’’ In the high steroid group (Fig. 1B) the over- 
all glomerular damage was unchanged, or decreased with the passage of time 
(Patients 9 and 16). Histologic evidence of activity persisted in Patients 2, 
3, 4; histologic evidence of activity decreased in Patient 10, and it disappeared 
completely in the other ten patients. In these glomeruli, thickening of the base- 
ment membrane, a few wire loop lesions, and adhesions between the glomerular 
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tuft and Bowman’s capsule persisted. Fibrinoid, local necrosis, karyor- 
rhexis, hematoxyphil bodies, and hyaline thrombi disappeared. Patient 9 had 
a second recrudescence of active lesions after 11 months of treatment with predni- 
sone 15 mg. per day (see following section and Figs. 2 and 3). 

The Effects of Large and Small Doses of Prednisone on the Renal Lesions 
in the Individual Patient—During treatment with low doses of prednisone 
prior to this study renal lesions already present appeared to progress in ten 
patients. In four other patients renal lesions, as judged by persistent proteinuria 
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Fig. 1B.—For legend see opposite page. 


and persistent abnormalities in the urinary sediment, appeared for the first 
time 3, 5, 10, and 15 months after treatment with low doses of prednisone 
was initiated. 

The following case history illustrates the development of lupus glomerulo- 
nephritis in a patient who was being treated with small doses of prednisone; 
the subsequent improvement in the renal lesions with large doses of prednisone 
for 6 months; and the reeurrence of active lupus glomerulonephritis after a 
further 11 months of treatment with small doses of the drug (Fig. 2). 
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April, 196 


An 11-year-old school girl first became ill in midsummer, 1954. She had recurrent 
bouts of illness until June, 1956, when systemic lupus erythematosus was diagnosed. The 
major manifestations were an erythematous skin rash, alopecia, arthritis, purpura, psychosis, 
anemia, leukopenia, and an abnormal urine sediment. She was treated with prednisone, 
25 to 50 mg. daily, and was discharged from the hospital in September, 1956. After the 
temperature became normal the urine was examined many times and no abnormalities 
were found. In the outpatient clinic she was treated with prednisone, 10 mg. daily, from 
September, 1956, to May, 1957, 17.5 mg. daily from May to August, 1957, and 20 mg. 


daily thereafter. She appeared to be in good health, had no symptoms, and was attending 
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, Fig. 2.—Patient 9. Summary of the serial histologic and laboratory findings in a patient 
with lupus glomerulonephritis. See text for details. Examples of glomerular lesions from the 
first, second, and fourth biopsies and from the autopsy will be found in Fig. 3. 





Fig. 3.—Patient 9. The history of this patient is given in the text. The photomicro- 
graphs of the renal lesions should be examined in conjunction with the chart in Fig. 2, in 
which the detailed histologic analysis of the 4 biopsies and autopsy is given. 

A, Initial renal biopsy (February, 1958). The patient had been treated with 10 to 20 
mg. of prednisone daily for more than 18 months before this biopsy was taken. The glo- 
merulus is severely damaged and few patent capillary loops are visible. Note the one large 
and one small area of local necrosis. Karyorrhexis is prominent in both areas. Hematoxyphil 
bodies were identified under higher magnification in the large area of necrosis. Note the 
smudgy appearance of fibrinoid, particularly at the periphery of the large area of local 
necrosis. (Hematoxylin and eosin. Original magnification 350.) 


B, Second renal biopsy (August, 1958). The patient had been treated with 50 mg. of 
prednisone daily for six months. Note the thickening of the glomerular basement membrane 
affecting many but not all capillary loops. Several adhesions between the glomerular tuft and 
Bowman’s capsule can be seen. The capillaries are patent. Note the absence of local 
necrosis, karyorrhexis, hematoxyphil bodies, and fibrinoid. (Hematoxylin and eosin. Original 
magnification 350.) 

C, Fourth renal biopsy (December, 1959). The patient had received 15 mg. of prednisone 
daily since January, 1959. An area of local necrosis and karyorrhexis is prominent on the 
left. Few capillary loops are patent. Fibrinoid, which was demonstrated clearly with the 
Masson’s trichrome stain, is not recognized easily here. (Hematoxylin and eosin. Original 
magnification 325.) 

D, Autopsy (April, 1959). Treatment with prednisone, 40 mg. daily, had been given 
since the last biopsy was taken. The glomerulus is severely damaged and there are few 
patent capillary loops. Note the fibroepithelial crescent. The smudgy appearance of fibrinoid is 
again prominent and there are two areas of local necrosis. (Hematoxylin and eosin. Original 
magnification 300.) 
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Proteinuria and hematuria were first observed on routine urinalysis in March, 1957, 
ie., While she was receiving 10 mg. of prednisone daily. Thenceforth, protein, red blood 
cells, and casts were found persistently in the urine. She was transferred to the care of 
the authors in February, 1958, at which time the serum creatinine level was 1.15 mg. per 
100 ml. and the serum urea nitrogen level was 31 mg. per 100 ml. In the first renal biopsy 
(Figs. 2 and 3, A) there were profound alterations in all glomeruli, but the changes in 
the tubules and interstitial tissue were less marked. 

After the renal biopsy was obtained the dosage of prednisone was increased to 
50 mg. daily. The patient developed well-marked Cushing’s syndrome, but the large dose 
of prednisone was continued until August, 1958, when a second renal biopsy was done. 
The proteinuria decreased but persisted; the hematuria disappeared, and there were fewer 
casts in the urine. Thickening of the glomerular basement membrane and adhesions 
between the glomerular tuft and Bowman’s capsule were present in the second renal biopsy 
but all features which were indicative of activity, such as local necrosis, karyorrhexis, 
fibrinoid, hematoxyphil bodies, and hyaline thrombi, had disappeared (Figs. 2 and 3, B). 

The dosage of prednisone was reduced slowly to 15 mg. daily by January, 1959. 
Proteinuria persisted, but there was no hematuria and little cylindruria. The serum 
creatinine and urea nitrogen levels were unchanged. As judged by a third renal biopsy 
in July, 1959, the histologic improvement was maintained (Fig. 2). 

While still receiving 15 mg. of prednisone daily, the patient became fatigued in 
October, 1959. She had no other symptoms, but red blood cells reappeared in the urine and 
persisted. In December, 1959, a fourth renal biopsy was made (Figs. 2 and 3, C). Very 
severe active lupus glomerulonephritis was diagnosed; local necrosis, karyorrhexis, hema- 
toxyphil bodies, fibrinoid, and hyaline thrombi were prominent histologic findings. It 
should be noted that the serum creatinine was 1.2 mg. per 100 ml. and the serum urea 
nitrogen was 25 mg. per 100 ml., despite the very severe renal lesions. The proteinuria, 
however, had increased to 7.4 Gm. per day. 

After the renal biopsy was taken the dosage of prednisone was increased to 40 mg. 
daily. Clinically, there was a steady but rapidly progressive deterioration; death occurred 
in April, 1960. She died in uremia with the nephrotie syndrome and severe hypertension. 
The serum creatinine level was elevated for the first time in March, 1960, 6 weeks before 
death. Post mortem, progression of the glomerular lesions was evident, and there was 
striking evidence that they were still active (Figs. 2 and 3, D). Sévere tubular atrophy 


and interstitial fibrosis were noted for the first time. 


? 


In lupus glomerulonephritis the renal lesions progress rapidly until the 
patient dies in uremia. Treatment of the disease with small doses of cortisone 
or prednisone did not affect this progression (Fig. 14). The patient, whose 
history has been described, initially developed active and progressive lupus 
glomerulonephritis while she was being treated with prednisone, 10 mg. daily, 
and it reeurred when she was receiving prednisone, 15 mg. daily. The activity 
and the progression of the renal disease was halted when the dose of prednisone 
was increased to 50 mg. daily for 6 months. 

As the histologie evidence of activity disappeared the erythrocytes disap- 
peared from the urine; they were found again when the lesions became active 
for the second time. It is noteworthy that significant azotemia did not occur 
until 6 weeks before death; this finding is not unusual in patients with lupus 
glomerulonephritis, and is associated with the preservation of relatively intact 
tubular histology in the presence of severe glomerular damage. 


Complications of Treatment With Large Doses of Prednisone.—Fifteen of 
the sixteen patients developed well-marked Cushing’s syndrome, with moon face, 
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increased hair growth, striae, and centripetal obesity. When the dosage of 
prednisone was lowered to maintenance levels of 15 to 20 mg. daily, all these 
manifestations decreased slowly and finally disappeared. 

One patient had developed pulmonary tuberculosis previously, while on 
small doses of prednisone. She was treated with prednisone, 55 mg. daily, and 
antituberculosis therapy was continued. Five months later she died in uremia; 
there was no evidence of reactivation of pulmonary tuberculosis at the post- 
mortem examination. Four patients had infections during treatment with 
large doses of prednisone; the most serious was involvement of the eye with 
herpes zoster following exposure to varicella. 

A perforation of a peptie ulcer developed in one patient after 6 months 
of prednisone, 60 mg. daily; it was treated conservatively. Thirteen months 
later, while on prednisone, 20 mg. daily, the patient had hematemesis and 
melena which, once more, were treated conservatively. 

Five patients developed diabetes mellitus; two, osteoporosis, one severe and 
one mild; two had muscular weakness for a period of several weeks; mental 
agitation and depression were troublesome in two. One patient had an Addi- 
sonian ¢risis as a result of sudden discontinuation of prednisone. 


DISCUSSION 


The two groups of patients with lupus glomerulonephritis were compar- 
able when they were first studied. From the data presented it is clear that 
treatment with large doses of prednisone for 6 months increased the life span 
of the patients, delaved the onset of renal failure, and led to the disappearance 
of the active renal lesions. 


Histologic Activity of Renal Lesions in Lupus Nephritis—In a previous 
study we distinguished two groups of patients with lupus glomerulonephritis, 
edema, heavy proteinuria, and low serum albumin levels... The patients in 
one group were very seriously ill and died, on the average, within 3 months 
of the onset of edema. Those in the second group were less severely ill, and 
lived longer. They died, on the average, 14 months after edema first appeared. 
When the renal lesions were analyzed in detail it was found that the degree of 
over-all glomerular damage differed little in the two groups. However, local 
necrosis, karyorrhexis, hematoxyphil bodies, fibrinoid, and hyaline thrombi, which 
were observed in the glomeruli of both groups of patients, were seen more 
frequently and were more prominent in the glomeruli of the very seriously ill 
patients (average activity 3.67), than in those who survived longer and were 
less seriously ill (average activity 2.0). These differences between the renal 
lesions led us to the concept that local necrosis, karyorrhexis, hematoxyphil 
bodies, fibrinoid, and hyaline thrombi were signs of active and rapidly pro- 
gressive renal lesions. 

This view gained further support from a follow-up study of ten patients 
in whom lupus glomerulitis was diagnosed in the initial renal biopsy.‘ Four 
of these patients later developed progressive renal disease and died; the renal 
disease did not progress in the other six patients. Small localized areas of 
local necrosis, karyorrhexis, hematoxyphil bodies, or fibrinoid were observed in 
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the glomeruli in the initial renal biopsies from all four patients whose renal dis- 
ease progressed (average activity 1.0). These lesions were not found in the glo- 
meruli in the initial biopsies of those who survived (average activity 0.0). The 
degree of glomerular damage was the same in the initial biopsies in both groups. 


the effects of large doses of prednisone on lupus glomerulonephritis was initiated, 
it was thought that this treatment might decrease or suppress completely those 
histologic features indicative of activity. The data in Fig. 1 indicate clearly 
that this objective was attained in ten of the fourteen patients studied serially 
and treated with large doses of prednisone. 


The Effects of Prednisone on the Histologic Activity—When the study of 


Three patients, however, who had marked azotemia and very severely 
damaged glomeruli, died after less than one month of treatment with large 
doses of prednisone. Serial histologic studies in two (Fig. 1B, Patients 2 and 3) 
suggested that, if the patients had survived, a longer period of treatment would 
have been necessary to achieve suppression of the active lesions. The striking 
decrease in the activity of the renal lesions in two other patients with less marked 
azotemia (Fig. 1B, Patients 9 and 10) indicated that adequate treatment was 
effective if started in time, even when the kidneys were afflicted very severely. 

It is common practice for the dosage of prednisone used to control the 
systemic manifestations of systemic lupus erythematosus to be regulated by 
the clinical response to treatment, but, in point of fact, treatment should be 
adequate to suppress effectively all disease activity.” Relatively small amounts 
of the drug suffice in many patients, but occasionally as much as 100 mg. or 
more of prednisone daily is necessary. Unfortunately we had no satisfactory 
clinical or biochemical criteria to assess whether or not effective suppression 
of active renal lesions had been achieved. The dose of 40 to 60 mg. of prednisone 
daily was chosen because we thought that this dose of the drug would suppress 
the active renal lesions effectively in most patients. In one instance, however, 
the activity of the renal lesions was not affected by treatment with prednisone, 
55 mg. daily, for 5 months (Fig. 1B, Patient 4). In Patient 9 the active 
renal lesions were suppressed completely by treatment with 50 mg. of prednisone 
daily, but a later exacerbation was unaffected by treatment with 40 mg. of 
prednisone daily. That complete suppression of histologic activity was not 
achieved in every patient is not surprising, as the dosage used was chosen 
arbitrarily, and its effects on the kidney could not be adequately assessed by 
clinical observations. 

When this study was planned it was decided to treat the patients for 6 
months before reducing the dosage of prednisone to below 40 mg. daily. Except 
in one patient this empirically chosen period was adhered to rigidly because of 
the lack of valid and reliable clinical and biochemical criteria of activity of 
the renal lesions. Clearly, in view of the complications of this treatment, it is 
probably desirable to use such large doses only until adequate and complete 
suppression of the activity of the renal lesions has been attained. For these 
reasons we have studied recently the relationship between the titer of anti- 
nuclear factors in the serum, on the one hand, and the elinieal activity of systemic 
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lupus erythematosus and histologic activity of the renal lesions on the other.* 
A relationship was found between clinical activity of systemic lupus erythe- 
matosus and the titer of antinuclear factors. Most patients with active renal 
lesions had high titers of antinuclear factors in the serum, but enough serial 
studies have not yet been done to make this a reliable test in determination of 
the duration of therapy in lupus glomerulonephritis. 


Healing of Renal Lesions in Lupus Nephritis Thickening of the glomerular 
basement membrane, with or without fibrinoid, has been observed to be a con- 
stant histologic feature of lupus nephritis.t In other diseases affecting the 
kidney, e.g., membranous glomerulonephritis, our observations indicated that 
significant thickening of the glomerular basement membrane was a permanent 
change, and that it was not affected by treatment with cortisone, prednisone, 
or other drugs.* In lupus nephritis, likewise, simple thickening of the glomerular 
basement membrane, without fibrinoid, was not influenced significantly by treat- 
ment with low or high doses of prednisone. Adhesions between the glomerular 
tuft and Bowman’s capsule also persisted. However, the use of large doses of 
prednisone resulted in the disappearance or decrease of the histologic signs of 
activity. Complete suppression of active lesions with little or no residual 
chronie damage occurred only in the less severely involved cases. When the 
active lesions had been suppressed in the more severely involved glomeruli 
permanent changes such as local fibrosis, glomerular adhesions, and diffuse 
basement membrane thickening were invariable residua. The majority of the 
glomerular capillaries remained patent and rapidly progressive destruction of 
functioning glomeruli was halted. Unless fresh active lesions develop in the 
future it is probable that progressive changes in these glomeruli will oceur 
slowly and renal failure will be delayed for a long period of time. 


The Effect of Treatment on Renal Function.—Lupus nephritis differs from 
most renal disorders in that the glomeruli are affected severely before significant 
tubular and interstitial tissue damage appears. Even in the presence of severe 
glomerular involvement gross histologic abnormalities of tubules and interstitial 
tissue are unusual and late findings... Evidence of significant deterioration of 
renal function in lupus nephritis, measured by ability to concentrate the urine, to 
excrete phenolsulfonphthalein, and by the creatinine and urea clearances, is 
found only comparatively late in the disease when the underlying renal damage 
is extremely severe.t In the patients treated with small doses of cortisone 
tubular atrophy and interstitial fibrosis and inflammation persisted and in- 
creased; renal function deteriorated. In those treated successfully with large 
doses of prednisone, interstitial inflammation and edema disappeared or de- 
creased, and significant progression of tubular atrophy and interstitial fibrosis 
did not oceur during the observation period. Renal function did not deteriorate. 

The urine of six patients treated with large doses of prednisone contained 
more than 4 Gm. of protein per 24 hours at the outset. The amount of protein 
in the urine decreased to less than 500 mg. per day in Patient 16, in whom the 
creatinine clearance did not change. The amount of protein excreted in the 
urine did not change significantly in the other five eases. Initially, the urine 
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of nine patients contained less than 4 Gm. of protein daily. A substantial 
decrease in the proteinuria occurred in five patients but there was little change 
in the other four. The persistence of proteinuria in these patients, in all of 
whom glomerular basement membrane thickening persisted, was to be expected, 
as we have shown previously that in lupus nephritis there is a correlation between 
the degree of proteinuria and thickening of the glomerular basement membrane.’ 

The Active Renal Lesions in Lupus Nephritis and the Mechanism of Action 
of Prednisone.—The basic histologic lesions found in the glomeruli of patients 
with systemic lupus erythematosus are similar in nature to those occurring in 
other organs. The origin of the fibrinoid which is deposited is still not clearly 
known. Klemperer’? has suggested that it results from the deposition of an 
abnormal proteic material in the ground substance, and that in systemic lupus 
erythematosus desoxyribonucleie acid may be precipitated with the fibrinoid, 
imparting to it some of its variable staining characteristics. Altschuler and 
Angevine,® on the other hand, considered that fibrinoid was the result of local 
alterations in the ground substance. Whatever the source of origin of the 
fibrinoid may be, it has been shown by the immunohistochemieal technique of 
Coons and his colleagues’? that gamma globulin is a component of the fibrinoid 
material in the glomeruli in systemic lupus erythematosus. Recently Godman 
and his associates’? have shown that during the formation of lupus erythematosus 
cells and hematoxylin bodies the initial swelling of the cell nucleus is accompanied 
by a striking rise in the intranuclear protein, and others’ * have demonstrated 
by the immunohistochemieal technique that this protein contains gamma globulin. 
It seems probable that the abnormal gamma globulin which induces lupus 
erythematosus cell formation may in some way be responsible for other acute 
changes, such as karyorrhexis, and hematoxyphil bodies. The role of the other 
antinuclear and anticytoplasmie factors present in the gamma globulin fraction 
of serum from patients with systemic lupus erythematosus"! is unknown. 

In patients with systemie lupus erythematosus we have found a relationship 
between the clinical activity of the disease process on the one hand, and the 
serum gamma globulin levels and titer of antinuclear factors on the other. Ef- 
fective treatment with large doses of prednisone caused a fall in both the serum 
vamma globulin level and titer of antinuclear factors.*: 7° Clinical exacerbations 
of systemic lupus erythematosus were accompanied by a rise in the titer of anti- 
nuclear factors but not neeessarily in that of total serum gamma globulin. 
Treatment with large doses of prednisone may suppress effectively those cells 
concerned with the production of the abnormal antinuclear and anticytoplasmie 
factors, thus stopping, at least temporarily, new insults to the kidney. In 
addition, the antiphlogistie effect of prednisone may cause the regression of the 
lesions already present. 


SUMMARY 


1. Two consecutive groups of patients with lupus glomerulonephritis were 
studied clinically, with serial tests of renal function, and by serial renal biopsy. 
The first group of ten ‘patients, studied initially from 1953 to 1955, was treated 
with small doses of cortisone, sufficient to control the clinical symptoms. All 
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died, surviving 13.8 months on the average. The second group comprised of 
sixteen patients, and studied initially from 1956 to 1958, was treated deliberately 
with a minimum dose of 40 mg. of prednisone daily for 6 months. Seven have 
died. The nine survivors are alive now, an average of 34 months later. The 
two groups were found to be comparable clinically, functionally, and histologi- 
cally when the first renal biopsy was taken and before treatment was initiated. 

2. In five of the ten patients treated with low doses of cortisone the initial 
serum urea nitrogen was less that 30 mg. per 100 ml.; they survived, on the 
average, 12.8 months after the initial renal biopsy. The serum urea nitrogen 
was greater than 30 mg. per 100 ml. in the other five who survived, on the 
average, 15.0 months after the initial renal biopsy. In the group treated with 
large doses of prednisone the initial serum urea nitrogen level was less than 
30 mg. per 100 ml. in eleven patients. Nine are living, and do not have renal 
failure; two have died, neither of renal failure. These eleven patients have 
survived for an average of 33.8 months. The initial serum urea nitrogen level 
was greater than 30 mg. per 100 ml. in five patients in the high steroid group; 
all died in renal failure, three within one month, one 5 months, and one 26 months 
after treatment began. 

3. Loeal necrosis, karyorrhexis, hematoxyphil bodies, fibrinoid, and hyaline 
thrombi were histologic signs of activity of the renal lesions in lupus glomerulo- 
nephritis. In the low steroid group histologic activity persisted, and the over- 
all glomerular damage increased. In the high steroid group histologie activity 
either disappeared entirely or decreased in ten of the fourteen patients studied 
serially. Although the active lesions disappeared, irreversible lesions such as 
thickening of the glomerular basement membrane, fibrosis, and adhesions of 
the glomerular tuft to Bowman’s capsule persisted. The over-all glomerular 
damage, however, did not increase, and actually decreased in a few eases. 


The technical assistance of Jackson Lucas, Roy McClain, and Joanna Puniska is grate- 
fully acknowledged. The charts and photomicrographs were made by Ruth Best, Lawrence 
Toriello, and Jack de Bruin. 
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courtesy of Dr. C. J. Szmal, the Schering Corporation, Bloomfield, N. J., who also arranged 
financial support from the Schering Corporation for the reproduction in color of Fig. 3, which 
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AMINONUCLEOSIDE-INDUCED CHRONIC GLOMERULONEPHRITIS 
IN RATS 
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W. STANLEY Harrrort, M.D., Pu.D., LitLian Recant, M.D., 
AND Mary B. Kocu, B.A. 

Sr. Louts, Mo. 


The aminonucleoside of puromycin has been shown to induce a nephrotic 
syndrome in rats after a period of latency. In this paper the production of a 
chronic progressive nephritis is described. The drug may be administered either 
orally or by injection. The ‘‘natural history’’ of the lesion is defined. The 
drug must be given until nephrosis develops. Cessation of drug administration 
is accompanied by the development of chronic disease in half of the animals. 
Steroids do not modify this lesion. Despite the absence of evidence for an 
immune mechanism, secondary challenging doses of drug induce an exacerbation 
of the disease with a shortened latent period. 


LTHOUGH considerable progress has been made over the past 50 years in 

the understanding of the pathophysiology of human glomerulonephritis, 

knowledge relative to etiological factors has not kept pace. For this reason 

techniques successfully employed in the production of experimental renal lesions 

which resemble the disease process in humans assume considerable importance 

in that they suggest possible etiological factors responsible for the development 
of glomerulonephritis in man. 

At the present time the bulk of evidence concerning this disease in both 
man and the experimental animal favors hypersensitivity phenomena in the 
pathogenesis of proliferative glomerulonephritis. 

Frenk and associates! reported in 1955 that an aminonucleoside of puro- 
mycin (6-dimethylaminopurine-3’-amino-d-ribose) could produce a_ classical 
nephrotie syndrome in rats. This observation was confirmed and elaborated 
upon by several laboratories.*** In 1958, Wilson and co-workers,’ and Reeant, 
Borowsky, and Kessner® reported that various modifications of aminonucleoside 
administration caused a chronic proliferative glomerulonephritis to oceur. 

In view of this background and the accumulated evidence which suggests 
that the aminonucleoside lesion does not involve immune mechanisms,’ it 
seemed of interest to report in detail upon the techniques of production and the 
‘‘natural history”’ 
in rats. 


of this chronie progressive proliferative glomerulonephritis 
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This drug produces a disease which mimics the natural course of Longeope 
B* or Ellis Type I1® human glomerulonephritis, in that it includes both a chronic 
self-perpetuating nephritis and a nephrotic stage with no acute nephritis. Since 
studies of the mechanism of action of the drug suggest that it may function as 
an antimetabolite,’® 1! perhaps mechanisms for the development of certain varie- 
ties of chronic glomerulonephritis in man, other than hypersensitivity phe- 
nomena, may be postulated. 


MATERIALS AND METHODS 


Male, Sprague-Dawley rats weighing 80 to 100 grams were used. Females were used 
in previous experiments and appeared to be slightly less sensitive to the nucleoside. Animals 
were housed in individual metabolic cages and maintained on Purina Laboratory Chow and 
drinking water ad libitum. Ten control animals were observed during a 6 week period and 
were studied in a fashion similar to the experimental group. Six other control rats were 
observed for as long as 9 months. All animals were weighed weekly. Urine samples were 
collected for 24 hour periods weekly; protein content was measured by the Esbach method.12 
Bi-weekly or monthly samples of blood were obtained from the tail vein for repeated estima- 
tions of serum protein and cholesterol levels. Serum cholesterol was determined by micro 
modifications of the method of Saifer and Kammerer!%; total serum proteins, globulin, and 
albumin were measured by the microtechnique of Lowry14 with the use of the Howe frac- 
tionation method. At the conclusion of the period of observation, rats were sacrificed by 
decapitation and blood was collected in heparinized tubes. Nonprotein nitrogen was deter- 
mined by the method of Koch and McMeekin.15 Complete autopsies were performed and 
tissues were fixed in Bouin’s solution and in formalin, and stained with hematoxylin and 
eosin, periodic acid—Schiff (P.A.S.) and oil red O. 


Techniques for Production of Nephritis—The animals were divided into two treatment 
groups, one containing 15 and the other 64 rats. Aminonucleoside* was administered sub- 
cutaneously in a dose of 1.5 mg. per 100 grams of rat weight per day for 14 days to the 
first group. The second group received the nucleoside orally, mixed with food. Since the 
average intake of food was 10 Gm. per day, 1.5 mg. nucleoside was provided for 10 Gm. of 
powdered Chow. This schedule was continued for 6 weeks and then stopped. 

After nucleoside administration was stopped, both groups were studied as follows: 
(1) a sample of each group of animals was sacrificed immediately; (2) the remaining ani- 
mals were maintained without further treatment, but with careful follow-up, for periods as 
long as 9 months. Arbitrary intervals during the 9 month period were chosen, at which times 
animals from both groups were sacrificed. 

Variations in Drug Administration Schedules—Twenty-four animals were divided into 
4 groups and given oral nucleoside for 2, 3, 6, and 8 weeks, respectively, and then observed. 
In addition, 10 animals were given 3 challenging injections of aminonucleoside (1.5 mg. per 
100 Gm. rat on 3 successive days) 9 weeks after a 3 week oral treatment schedule was com- 
pleted. 

Steroid Therapy.—Nine rats were made nephrotic by oral nucleoside and were then 
placed on prednisolone, administered subcutaneously, in a dose of 0.4 mg. per rat per day 
for 3 months, starting 3 days after aminonucleoside was stopped. Follow-up studies over 
6 to 9 months were made. 

RESULTS 

Production of Nephritis——All animals initially developed the clinical fea- 
tures of the nephrotic syndrome. This was marked by the appearance of pro- 
temuria of 200 to 300 mg. per 24 hours in both groups, oeeurring after 7 days 


*We are indebted to the Lederle Laboratories, Pearl River, N. Y., for the aminonucleoside. 


514 BOROWSKY ET AL. J. Lab. & Clin. Med. 

April, 1961 
of drug administration in the injected group and after the third to sixth week 
in the group taking the drug orally. Edema and ascites were marked. Sacrifice 
at the time of cessation of therapy revealed significant hypercholesterolemia, 


TABLE I. SERUM AND URINE FINDINGS IN RATS AT CESSATION OF INITIAL AMINONUCLEOSIDE 
TREATMENT SCHEDULE 

















SERUM LEVELS PER 100 ML. NON- 
CHOLES- ALBU- GLOBU- PROTEIN URINE PROTEIN 
TEROL MIN LIN NITROGEN (MG. PER 24 
MEDICATION (TYPE) NO. RATS (MG.) (GM.) (GM.) (MG. ) HOURS ) 
A. None* 10 70 ye 2.8 15 0 
B. Aminonucleoside 
injection (2 weeks) 5 650 0.92 2.7 70 350 
C. Aminonucleoside 
orally (6 weeks) t 10 600 0.80 2.5 100 400 





*Control rats followed for 6 weeks; of equivalent starting weight with experimental ani- 
mals. 
+Group B lost weight, A and C gained steadily. 
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Fig. 1.—The course of aminonucleoside nephritis in rats. 


maintenance of serum globulin levels, depressed serum albumin, and elevated 
nonprotein nitrogen levels (Table 1). No differences were noted in the two 
treatment groups. A small number of animals in both groups died during the 
course of therapy. Control animals showed essentially no proteinuria, although 
an occasional rat had as much as 20 mg. protein in 24 hours. 


When the drug was stopped, ascites disappeared gradually in all animals. 


‘ 


The subsequent course of the disease could best be divided into 3 categories 
(Fig. 1) and no differences in the course were noted in the two groups studied. 
1. About 5 per cent of the animals showed accelerated proteinuria and died. 
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2. Approximately 45 per cent showed progressively less proteinuria and 
became ‘‘elinically’’ normal in periods of 4 to 6 weeks (Fig. 2). 

3. The remaining 50 per cent of animals maintained or increased proteinuria 
to levels of 200 to 600 mg. per day throughout the months of subsequent ob- 
servation (Fig. 2). They gained body weight, but appeared free of edema and 
in most respects looked normal. The curve of growth was not appreciably al- 
tered from that of the control rats. 
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2.—Proteinuria noted in course of aminonucleoside 


renal disease. 


Two types of response 


to oral administration of aminonucleoside. 


IExamples of two categories noted 


in text. 


TABLE II. SERUM AND URINE FINDINGS IN RATS Two MontTHsS AFTER CESSATION OF INITIAL 
AMINONUCLEOSIDE ADMINISTRATION SCHEDULE* 


DEGREE OF 











"SERUM LEVELS PER 100 ML. _ 





| NONPROTEIN 





PROTEINURIA ~ ALBUMIN GLOBULIN | ~ CHOLESTEROL NITROGEN 
(0 TO 4+) (GM.) (GM.) | (MG.) (MG.) 
0 2.8 3a 59 23 
2.9 3.1 75 20 
2.3 a0 66 15 
+ 2.8 3.1 57 28 
2.3 3.4 69 32 
++ LZ 3.9 91.2 28 
+t 1.9 3.4 177 40 
1.8 3.5 147 32 
+444 1.9 2 249 72 
15 4.4 242 127 
2.1 1.0 163 46 





*Oral aminonucleoside for 6 weeks. 


During this posttreatment phase, serum values tended to return towards 
normal in animals in Category 2 while they remained abnormal or progressed 
in Categories 1 and 3 and correlated well with the degree of recovery from 
proteinuria. Table II shows the serum values of a group of animals sacrificed 
2 months after aminonucleoside treatment was stopped. 
mals are listed according to degree of proteinuria. 


The individual ani- 
These experiments show that 
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following the initial period of nephrosis, animals could either ‘‘ heal completely ’”’ 
or go on to develop chronie renal disease months after drug administration was 
stopped. 


Response to Variations in Drug Administration—Animals given the nu- 
cleoside orally for periods shorter than 4 weeks developed the nephrotic syn- 
drome, but on cessation of treatment most of the animals reverted to normal. 
If treatment were given for periods longer than 4 to 6 weeks, more animals 
died and, of the remaining, fewer recovered. The best sehedule for the pro- 
duction of chronie nephritis appeared to be 4 weeks of oral nucleoside for this 
strain of rats. 
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Fig. 3.—The response of rats to oral aminonucleoside followed by secondary subcutaneous 
aminonucleoside challenges. 


It was of interest to determine the effect of secondary challenging doses 
of aminonucleoside in posttreatment animals. In 10 animals studied 2 months 
after oral treatment had been stopped, the injection of aminonucleoside resulted 
in an immediate (no latent period) inerease in proteinuria accompanied by 
a sharp fall in serum albumin and rise in cholesterol. It is noteworthy (Fig. 3) 
that even those animals in the process of clearing proteinuria responded 
similarly, and certain of these animals became chronically nephritic as con- 
trasted with unchallenged animals which had obviously begun to heal. 
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Response to Steroid Therapy.—No evidence of any alteration in the course 
of the chronic disease was noted when steroid therapy was administered after 
onset of the disease. This was apparent in terms of the number of animals 
developing chronic disease. The response to a secondary challenging dose 
of aminonueleoside was also no different from that noted in the nonsteroid 
treated group (Table IIIyY. Previous data indicate that steroids given during 
the initial aminonucleoside course also had no striking effect and indeed 
could not prevent the disease.* 


TABLE III. EFFECT OF STEROID ADMINISTRATION ON THE RESPONSE OF PREVIOUSLY NEPHROTIC 
ANIMALS TO A SECONDARY CHALLENGE WITH AMINONUCLEOSIDE 





l SERUM LEVELS PER 100 ML.” 


























CHOLESTEROL ALBU MIN | URINE PROTEIN 

(MG. ) (GM.) | (MG. PER 24 HR.) 

NEPHROTIC ANIMALS NO. RATS BEFORE | AFTERt | BEFORE | AFTER | BEFORE | AFTER 
Control 10 144 538 2.4 1.19 145 404 
Steroid treated} 8 kg 847 Za 1.29 140 393 


*Animals made nephrotic with 3 weeks’ oral drug. Studied 2 months after cessation of 
medication. 


+Before refers to levels immediately preceding, while after refers to levels observed within 
3 to 10 days of secondary dose of aminonucleoside. 


tPrednisolone 0.4 mg. per day started after cessation of initial nucleoside medication. 


a 5 





a Senet. 


Fig. 4.—The gross appearance of normal and chronic nephritic rat kidneys. The normal kidney 
is on the left, the chronic nephritic kidneys on the right. 
Pathology.—tThe morphologic appearance of the kidneys of animals varied 
according to time of sacrifice. Immediately after the cessation of drug, i.e., 
during the nephrotic phase, the kidneys on gross examination were large and 
pale, with smooth surfaces. Histologically, the striking abnormalities were 
large dilated tubules containing periodie acid—Sechiff staining casts, although 
glomeruli were normal by light microscopy. The tubular cells contained hyaline 
droplets, and fat could be seen in endothelium of blood vessels and other eells. 
Kidneys obtained from animals with chronic proteinuria were morpho- 
logically quite different. Grossly, these kidneys were smaller than those of 
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the nephrotic animals, although not really contracted. The surfaces were 
regularly granular and the eapsules were slightly adherent (Fig. 4). Ex- 
amination of sections of such kidneys by light microscopy showed tubular 





) 


Fig. 5.—Section of tubules from chronic nephritic kidney. In this kidney from a rat ex- 
hibiting chronic proteinuria many of the tubules are greatly distended by PAS-positive casts 
which vary in their intensity of reaction. Intervening tubules and even glomeruli (mid-upper ) 
are compressed by these distended tubules suggesting they are under considerable pressure. 
Some of the nondistended tubules are hyperplastic. ( 100.) 





Fig. 6.—Section of glomerulus from chronic nephritic kidney. Glomeruli from rats exhib- 
iting chronic proteinuria sometimes exhibit crescent formation as illustrated. There has been 
reduplication of the basement membrane of Bowman's capsule, as well as epithelial prolifer- 
ation. (Periodic acid—Schiff stain. 500; reduced 1%.) 
dilatation with casts and grossly distorted tubular architeeture (Fig. 5). More 
striking, however, was the appearance of the glomeruli in which lesions were 
characterized chiefly by a proliferation of cells leading, in many eases, to 
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erescent formation (Fig. 6). Glomeruli in kidneys from animals in a still 
more advanced stage of the disease showed progressive scarring, ending 
eventually in complete hyalinization (Fig. 7). The number of involved 
glomeruli varied from a few to almost all, correlating best with the clinical 
course of the animals, the most severely proteinurie animals showing practically 
total involvement, while kidneys obtained from animals whose nephrosis had 
‘‘healed’’ showed no abnormalities except for an occasional protein east. 


DISCUSSION 


An easily reproduced technique for the production of chronie proliferative 
glomerulonephritis in rats by the oral administration of 2-6 dimethyl amino- 
purine-3’-amino d-ribose (aminonucleoside) has been deseribed. Reports from 
our own laboratory and that of Wilson have shown similar findings with in- 


jection of this drug, though these studies have covered shorter periods of 





Fig. 7.—Section of kidney from animal with advanced chronic nephritis. Kidneys of rats 
with chronic proteinuria frequently exhibited almost complete hyalinization of many of their 
glomeruli as shown here. (Hematoxylin and eosin stain. <200.) 


observation. The present report covers a 914 month period of observation 
and characterizes the ‘‘natural history’’ of this form of chronie nephritis. 
This lesion is of particular interest in that (1) it is self-perpetuating despite 
withdrawal of the drug; (2) it oceurs only after the development of a rather 
severe nephrotic syndrome; and (3) a partially healed or latent phase occurs 
which is convertible in certain instances to a chronie disease by a secondary 
challenging dose of the nucleoside. 

At autopsy, the kidneys show a granular surface. The microscopic 
findings are consistent with a chronic proliferative glomerulonephritis showing 
epithelial crescents, glomerular fibrosis, tubular easts, dilatation, and distortion. 
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Although light mieroseopie observations suggest that glomerular damage 
is a late feature of aminonucleoside renal disease, this is not the ease. Electron 
microscopic studies during the initial nephrotic phase reported by Vernier 
and associates'® have demonstrated that glomular lesions are present, and 
Harkin and Reeant'* have shown that these oceur prior to tubular changes. 
Similar lesions have been described in most eases of nephrosis in man." 
Studies have been undertaken to determine the mechanism by which 
aminonucleoside produces renal disease. Aminonucleoside has been suggested 
by some investigators to act as a haptogen, and to produce a hypersensitive 
renal lesion, although evidence in support of this is lacking.? Our studies, 
showing first a 7 day latent period in the induction of nephrosis and then an 
immediate response to a secondary challenge, however, lead one to suspect the 
possibility of an allergic response. Nevertheless, attempts to demonstrate anti- 
bodies to aminonucleoside have met with failure.’® Further attempts to pre- 
vent aminonucleoside renal disease by prior treatment with adrenocortical 
steroids* or radiation® have also been unsuccessful, although such treatment 
ean prevent anti-kidney serum disease.*° 


The chemical similarity between aminonucleoside and adenosine has sug- 
gested that the nucleoside may biochemically compete with adenosine. Previous 
studies in our laboratory have shown that aminonucleoside inhibits the forma- 
tion of adenosinetriphosphate (ATP) from adenosine by yeast systems.’° 
Further, Hartmann and associates'' demonstrated that adenine partially pro- 
tects rats against the nephrotoxie action of the nucleoside. 


It seems likely that this glomerular disease may be secondary to a metabolic 
inhibition of key enzymes, perhaps in the podocyte or the filtering surface of 
the glomerulus. With this injury, glomerular function is impaired, proteinuria 
ensues, and eventually the serum features of nephrosis follow. The develop- 
ment of chronie glomerulonephritis following protracted nephrosis may be due 
to one of two possible mechanisms. The data revealed by electron microscopy 
would support the probability that podoeyte swelling and alteration of sufficient 
degree oceurs to result in capsular swelling, adhesions, and, finally, fibrosis. 
The other possibility is that chronie proliferative lesions of the glomerulus 
may be seeondary to tubular obstruction with protein easts. This latter 
possibility would appear unlikely in view of the rarity with which obstructive 
tubular lesions such as urie acid nephropathy are associated with glomerular 
lesions. According to Earle,2* human chronic proliferative glomerulonephritis 
of streptococcal etiology is characterized by early endothelial proliferation. 
This is certainly not the ease in aminonucleoside disease. However, it is 
possible that nonstreptoecoceal varieties of nephrosis and subsequent prolifera- 
tive glomerulonephritis may occur in man. It is suggested that the natural 
history of such lesions may be similar to that of the aminonueleoside lesion. 
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RENAL FUNCTION IN HUMAN PREGNANCY 


V. Errects of OxyTocin ON RENAL HEMODYNAMICS AND WATER 
AND ELECTROLYTE EXCRETION 
R. Aspput-Karim, M.D.,* anp N. S. Assaui, M.D. 
Los ANGELES, CALIF. 


WITH THE TECHNICAL ASSISTANCE OF M. Ross AND L. FRIEDMAN 


It is generally believed that oxytocin exerts a minimal antidiuretic effect 
when compared to Pitressin or that it may, im certain animal species, exert a 
diuretic action. In this study, the effects of oxytocin on renal hemodynamics 
and water and electrolyte excretion were studied in pregnant and nonpregnant 
women, in healthy men, and in patients with diabetes insipidus. One natural and 
two synthetic oxytocic preparations were employed. In each instance, the in- 
travenous infusion of oxytocin induced a marked fall in urine flow which lasted 
for the duration of the infusion. Renal plasma flow, glomerular filtration 
rate, electrolyte excretion, and osmolal clearance did not change significantly, 
whereas free water clearance fell, and often became negative. In the pregnant 
subjects who received oxytocin for labor induction, the antidiuretic action became 
evident before the oxytocic effect. Rapid intravenous injections of single doses 
of oxytocin did not have any action on the urine flow. To investigate the pos- 
sibility that oxytocin antidiwresis might be mediated through stimulation of 
antidiuretic hormone secretion, oxytocin was infused into two patients with 
diabetes insipidus and three normal subjects whose endogenous antidiuretic 
hormone release had been blocked by alcohol. The same fall in urine flow and in 
the free water clearance occurred, suggesting that oxytocin has a direct action 
on the kidney. It is concluded that in man oxytocin has antidiuretic properties 
closely similar to those of Pitressin. 


HE action of oxytocin on the renal handling of water and electrolytes has 

been variable. In the rat, this hormone inereases renal plasma _ flow, 
glomerular filtration rate, and the exeretion of water and electrolytes.7* In 
the dog, however, oxytocin has an antidiuretic effect, and its action on electro- 
lyte output depends on the dose and the state of hydration of the animal.° 
In human subjects, the studies have been meager, with inconclusive results.1°" 

The present project was undertaken to investigate the effects of oxytocin on 
renal hemodynamics and water and electrolyte excretion in pregnant and non- 
pregnant women, in men, and in patients with diabetes insipidus. Comparison 
of the action of oxytocin to that of Pitressin in each individual was also made. 
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MATERIALS AND METHODS 


The studies were carried out on seventeen subjects whose ages varied from 20 to 40 
years and whose distribution was as follows: twelve normal women (7 nonpregnant and 5 
pregnant at term), three normal men, and two patients with long-standing diabetes insipidus. 
The techniques of hydrating the subject and of investigating renal hemodynamics and water 
and electrolyte excretion were the same as previously described.13 

Three oxytocic preparations were used: Pitocin*—a purified oxytocic fraction obtained 
from posterior pituitary extracts; Syntocinon,t and du Vigneaud’s purified polypeptides,} 
which are two synthetic forms of oxytocin. 

The studies were divided into 2 parts: 

A. Effects of Oxytocin on Renal Hemodynamics and Water and Electrolyte Excretion.— 
For this part, seven nonpregnant and five pregnant subjects volunteered. In the latter 
group, oxytocin was given for elective induction of labor, but the renal studies were completed 
before uterine contractions became evident. In each subject, 3 to 6 control clearances of 
20 to 30 minutes’ duration each were obtained. Thereafter, oxytocin diluted in 5 per cent 
glucose in water was given by a constant infusion at a rate adjusted to deliver between 7 
and 314 mu. per minute, and 4 to 6 clearances of 20 to 30 minutes each were collected. The 
infusion was then stopped and 2 additional clearances were obtained. 

Similar studies were also performed on two patients with diabetes insipidus who had 
not received any specific medication for 3 days prior to the test, and on 3 normal subjects 
who had ingested 180 ml. of 100 proof whiskey beginning with the start of oxytucin infusion. 

B. Comparison of the Effects of Oxytocin to Those of Pitressin—Two normai men and 
four normal women volunteered for this experiment. After the control clearances had been 
obtained, oxytocin was injected in single doses of 25, 50, and 100 mu. or by constant infusion 
in doses of 10 to 75 mu. per minute, and 3 to 5 clearances were collected after each dose. A 
sufficient time was allowed after each dose for the urine flow to return to control values. 
The same procedure was then repeated, with the use of equivalent doses of Pitressin. 


RESULTS 


A. Effects of Oxytocin on Renal Hemodynamics and Water and Electrolyte 
Excretion.— 

1. Normal subjects: Table I presents the data on the effects of oxytocin 
on urine flow, renal plasma flow, glomerular filtration rate, the excretion of 
sodium, chloride, and potassium, and the osmolal and free water clearances 
for each subject. The dose of oxytocin is also listed. Fig. 1 illustrates a typical 
example of the response to oxytocin. In all subjects, oxytocin produced a pro- 
gressive and significant fall in urine flow which became evident 10 to 15 minutes 
after the onset of infusion and lasted for the duration of the drug administra- 
tion. The urine flow returned to control levels 10 to 15 minutes after cessation 
of the oxytocin infusion. Renal plasma flow, glomerular filtration rate, and 
the excretion of sodium, chloride, and potassium did not change significantly 
except in the pregnant patients at term in whom a fall oceurred during drug 
injection. Free water clearance fell markedly in every subject and became 
negative in several instances. One subject (K. R.) was purposely studied at 
a low rate of urine flow; the changes induced by oxytocin were similar to those 
observed in the well-hydrated subjects. 

*Pitocin was furnished by Parke, Davis & Company, Detroit, Mich. 


+Syntocinon was furnished by Sandoz Pharmaceutical Company, Hanover, N. J. 


tWe are indebted to Professor Vincent du Vigneaud for the supply of his purified poly- 
peptides. 
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Fig. 1.—Effects of oxytocin on urine flow (UF), glomerular filtration rate (GFR), renal 
plasma flow (RPF), the excretion of Na, K, Cl, and total solute, and the free water (C H:0) 


and osmolal (C osm.) clearances in a normal nonpregnant woman. Note the marked drop in 
urine flow, the negative free water clearance, and the inconsistent changes in the other param- 
eters. 
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g. 2.—Data on the action of oxytocin in a normal male following the ingestion of al- 
cohol. Note the drop in urine flow and free water clearances which occurred despite the alcohol 
ingestion, and the rapid recovery from antidiuresis following cessation of oxytocin infusion. 
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Fig. 3.—Data on the effect of oxytocin in a subject with diabetes insipidus. Note the 
marked fail in urine flow and free water clearance, and the rapid recovery following cessation 
of oxytocin infusion. 
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No difference could be detected in the action of the 3 oxytocic prepara- 
tions utilized. 

2. Subjects with diabetes insipidus and those who ingested alcohol: To 
exclude the possibility that oxytocin antidiuresis was mediated through Pitressin 
release, renal clearances were performed on patients with diabetes insipidus and 
on normal subjects in whom antidiuretic hormone release had been inhibited by 
alcohol. Table IT summarizes these data and Figs. 2 and 3 illustrate specific 
examples of these experiments. In either group, oxytocin induced the same de- 
gree of fall in urine flow and in the free water clearance as that observed in 
the normal subjects. Renal plasma flow, glomerular filtration rate, and electro- 
lyte excretion changed inconsistently. 


OXYTOCIN AND PITRESSIN DOSE-RESPONSE RELATIONSHIP 
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Fig. 4.—Comparison of the antidiuretic activities of oxytocin and Pitressin. Note the 
increasing response with increasing doses of oxytocin up to 45 mu. per minute. Pitressin in- 
duced nearly constant response within the range of doses employed. Above 45 mu. per minute 
the antidiuretic action of oxytocin parallels that of Pitressin. 


B. Comparison of the Actions of Oxytocin and Pitressin.— 

1. Effects of single injections: Single doses of 25, 50, and 100 mu. of oxy- 
tocin injected rapidly into the vein did not significantly alter the urine flow and 
the free water clearance. In contrast, the same doses of Pitressin given in 


the same manner evoked a marked fall in urine flow and free water clearance, 
similar in magnitude and duration to that reported previously.“ 


2. Effects of intravenous infusion: In view of the failure of single injec- 
tions of oxytocin to produce antidiuresis, the effects of intravenous infusions 
of this hormone given over a period of 30 minutes were then compared to 
those of Pitressin in the same subject. Fig. 4 illustrates the results. Below 
45 mu. per minute, oxytocin antidiuresis increased with the dose but was con- 
sistently smaller than that induced by equivalent doses of Pitressin. Above 
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45 mu. per minute, however, oxytocin antidiuresis was similar in magnitude to 
that produced by Pitressin, but of shorter duration. The urine flow always 
returned to control values within 10 to 15 minutes after cessation of oxytocin 
infusion, whereas it remained low for 40 to 50 minutes after interruption of 
Pitressin administration. 


DISCUSSION 


The present data show that in the human oxytocin has an antidiuretic 
action similar in many respects to that of Pitressin. The antidiuresis is prob- 
ably due to free water reabsorption by the renal tubules since the free water 
clearance fell markedly in all instances. The fact that the oxytocin antidiuresis 
was evident in patients with diabetes insipidus and in subjects whose endogenous 
antidiuretic hormone release had been blocked by aleohol exeludes the possi- 
bility that such an action may be mediated through antidiuretic hormone 
stimulation. Furthermore, the antidiuresis cannot be attributed to vasopressin 
contamination because the fall in urine flow was the same after both the natural 
and the 2 synthetic preparations. 


In view of the similarity in structure of the 2 posterior pituitary hormones, 
it is not surprising that oxytocin should have an effect on water metabolism 
and that vasopressin should have an oxytocie effect. Van Dyke found that in 
normal dogs the antidiuretic action of 170 mu. of oxytocin was equivalent to that 
of 1 mu. of Pitressin. In dogs with diabetes insipidus, a different ratio has been 
found.*® The problem is further complicated by the fact that, in the rat, 
oxytocin is diuretic. Various factors probably affect the results obtained 
through study of the action of oxytocin on the kidney. Among these are the 
animal species, the degree of hydration, the dosage employed, and the mode 
of administration. The latter factor is of considerable importance since our 
data and those of others’® show that single intravenous doses may not induce 
any significant fall in water excretion. The moderate antidiuresis observed 
by Brooks and Pickford’ in the dog after single injections was probably due 
to the relatively large doses employed. On the other hand, constant infusion of 
this hormone has a definite antidiuretic action which depends, to a certain extent, 
on the dose. Below a certain dose, the response increases with the dose, but 
above it the response is maximal and parallels that of Pitressin in magnitude 
but not in duration. Oxytocin antidiuresis ceases shortly after interruption 
of the infusion, whereas that of Pitressin considerably outlasts the period of 
its administration. The absence of any renal action after single doses, together 
with the rapid recovery from the antidiuresis after cessation of infusion, 
indicates that oxytocin is rapidly destroyed in the body and that its action on 
the kidney depends on the presence of a critical and constant blood level. 

It is of further interest that in pregnant human subjects to whom oxytocin 
was administered for elective induction of labor, the antidiuretic effect ap- 
peared before uterine contractions became clinically evident. It is difficult 
to interpret these findings in terms of an oxytocic-antidiuretie ratio, because 
the action of oxytocin on the uterus also varies according to species and to 
the period of gestation. Im the human as well as in animals, the pregnant 
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uterus, before the end of gestation, is relatively insensitive to large doses of 
oxytocin, while the antidiuresis is still present. All those factors point to the 
complexity of study of the multiple actions of this hormone. 


The reports on the effects of oxytocin on renal hemodynamics and electro- 
lyte excretion in animals indicate either an inerease or no change in renal 
plasma flow, glomerular filtration rate, and the exeretion of electrolytes.® *” ** 
In our study, renal hemodynamics and electrolyte exeretion were not signifi- 
eantly altered, except in the pregnant subjects, in whom the renal dead space is 
enlarged.*® We believe these changes to be due to errors in urine collections 
at low urine flows and not to any true action of oxytocin itself. Similar findings 
on lack of action on electrolyte exeretion have been reported.* ?% *? 


SUMMARY AND CONCLUSIONS 


1. The effects of one natural and two synthetic preparations of oxytocin 
on renal hemodynamics and water and electrolyte excretion were investigated 
in normal pregnant and nonpregnant women, patients with diabetes insipidus, 
and normal men under the effect of alcohol. 


2. In all subjects, oxytocin administered by intravenous infusion caused 
a marked fall in urine flow and free water clearance with inconsistent changes in 
glomerular filtration rate, renal plasma flow, and the exeretion of sodium, 
potassium, chloride, and total solutes. 


3. Single intravenous doses of oxytocin had no significant effect on urine 
flow, which suggests a rapid inactivation of this hormone. 


4. Oxytocin seems to act directly on the kidney rather than through vaso- 
pressin release. 


5. When compared to vasopressin, oxytocin is much less active as an anti- 
diuretic below 45 mu. per minute. Above this dose, the antidiuretic actions of 
the two hormones are parallel. 
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FACTORS INFLUENCING THE DIURETIC RESPONSE TO 
INGESTED WATER 
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Water diuresis in normal humans was studied during changes in posture, 
infusion of hypotonic solutions of sodium salts, infusion of mannitol, and the 
ingestion of urea in order to determine whether urinary dilution might be af 


fected by changes in sodium excretion more than by equal changes in the exere 


tion of other solutes. It was found that changes in sodium excretion were 
accompanied by changes in free water clearance in the same direction, even 
though total solute excretion remained unchanged, or changed in the 


opposite 
direction. 


Thus, the increase in free water clearance which accompanies natriure- 
sis cannot be explained by the osmotic effect of the excreted sodiwm. It is con- 
cluded that during natriuresis under these conditions delivery of isotonic sodium- 
containing fluid to the distal tubule is augmented because of increased glomerular 
filtration rate or decreased reabsorption in the proximal tubule. As a result, 
there is not only increascd sodium excretion but also increased distal hypertonic 
reabsorption of sodiwm salts, which causes the observed increase in free water 
clearance. 


par dilute urine is formed by reabsorption of sodium and attendant 
anion in regions of the tubule relatively impermeable to water, changes in 
sodium reabsorption might be expected to be faetors which determine the 
degree of dilution of the urine.’. This hypothesis is supported by the diminished 
response to water loading demonstrated in subjects on salt restricted diets,” * 
and by the fact that acute changes in sodium exeretion affect urine flow during 
water diuresis in man more than do equivalent changes in the exeretion of other 
solutes.* 

However, some investigators have failed to find a difference between the 
effect of sodium and that of other solutes on free water clearance (Cy,0).* ° 
Since Cy,o' is an index of the amount of solute reabsorbed without water, these 
results would indicate that sodium reabsorption in the area of the tubule critical 
for urine dilution is largely independent of the type of solute being excreted. 
pital, and the Departments of Medicine, Boston University School of Medicine, and Tufts Uni- 
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The present studies, which are an extension of previously published ones,* 
demonstrate that changes in sodium exeretion are accompanied by substantial 
changes in Cy,o during water diuresis, and that, where changes in excretion 
of sodium and other solutes can be dissociated, Cy.o is best correlated with 
sodium exeretion. It is concluded that concomitant changes in sodium reabsorp- 
tion probably play a major role in determining the degree of dilution of the 
urine under these circumstances. 


MATERIALS AND METHODS 

The subjects were a healthy male physician and twelve adult male hospital patients 
free from renal, cardiovascular, and endocrine disease. Their ages ranged from 24 to 42 years. 
None appeared to be tense or apprehensive. 

Each study was begun after breakfast. The subject voided, was weighed, and drank, 
during a period of 5 to 40 minutes, tap water in the amount of 20 ml. per kilogram of 
body weight. Urine voided in the standing position was collected at 20 to 30 minute intervals. 
After each voiding sufficient water was drunk to restore body weight to that obtaining after 
the initial water loading. 


Four procedures were employed to alter sodium excretion: change from the sitting 
to the recumbent position, the infusion of sodium salts, the ingestion of urea and the in- 
fusion of mannitol. 


Determinations made on samples of serum and urine included total osmolal concen- 
tration and the concentrations of creatinine, sodium, urea, mannitol (when appropriate), 
and serum protein. The hematocrit and hemoglobin were also measured. The methods 
employed were those stated in previous publications from this laboratory.4,7,8 Endogenous 
creatinine clearance was employed as an index of glomerular filtration rate. Free water 
clearance (Cy,9) was caleulated as the difference between urine flow (V) and osmolal clearance 


(Cosm.) : 
Ci20 = V- CU sai: VifP eu.) 
where U,,,,, and P,,,,, are vsmolality of urine and plasma, respectively.! 


RESULTS 

I. Effects of Posture or of Infusion of Sodium Salts—Kight subjects who 
had been on an unrestricted diet received the maintained oral water load while 
seated (Table I, A and B, and Figs. 1 and 2). Urine flow rose within one hour 
to a peak which varied from 13.7 to 25.1 ml. per minute, and declined during 
the next 2 to 4% hours by 1.6 to 8.3 ml. per minute. Cy,o decreased in each 
study,* as did solute exeretion (Uosm.V), and sodium excretion (Uy,V). 
Changes in urine concentration (Uosm.) and creatinine clearance (C,,) were 
small and inconsistent in direction save in Subject O. C. (Table I, A, No. 1) 
whose urinary osmolality rose from 68 to 85 mOsm. 

Four of these eight subjects then reclined supine with one pillow. They 
were allowed to move but not elevate their legs. Urine flow increased by 0.9 
to 7.1 ml. per minute (Table I, A, and Fig. 1). This rise was associated with 
increases in both Cosm. and Cy,o but was without consistent change in 
Ucsm.. In all subjects C,, rose during reeumbeney. Urinary sodium exeretion 
and concentration also rose in each study. 


*For brevity, periods indicated in the tables represent pooled data for no more than 3 
consecutive urine collections. In the figures collection periods are indicated separately. 
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The other four subjects had received 1 L. of isotonic saline by mouth the 
evening before the study. Following the decreased urine flow which occurred 
while these subjects were seated, they were infused intravenously with 2 L. of a 
‘*balaneed’’ hypotonic solution during a period of 60 to 86 minutes (Table I, A, 
and Fig. 2). Each liter contained 112 mEq. of sodium, 92 mEq. of chloride, and 
20 mEq. of bicarbonate. During and after the infusion the subjects continued 
to take water by mouth in amounts equal to the volume of urine voided, so that 
the administered load of water had increased by 2 L. at cessation of the infusion. 
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_ Fig. 1.—Renal effects of Subject M. B.’s assuming the recumbent posture while under- 
going water diuresis. The numbers above rates of urine flow are the clearances of free water 
(ml./min.), those above rates of solute excretion represent total solute concentration 


(mOsm./Kg.), and those above rates of sodium excretion indicate sodium concentration 
(mEq./L.). 


Urine flow rose by 1.2 to 7.5 ml. per minute during the infusion. Urine osmo- 
lality and creatinine clearance levels remained constant except in Subject W. W., 
where increases were noted. Sodium excretion rose to values above those 
observed in the preinfusion period. 
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It should be noted that during these maneuvers, in which the change in 
solute excretion consisted almost entirely of sodium chloride, changes in urine 
flow in most subjects were unaccompanied by significant change in urine con- 
centration. The alterations in Cy,o under these circumstances thus appear 
to be related to simultaneously occurring changes in sodium reabsorption and 
excretion. 
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Fig. 2.—Renal effects of an infusion of 2 L. of a hypotonic sodium chloride-bicarbonate 


solution into Subject I. C. while he was undergoing water diuresis in the seated position. The 
numbers above rates of urine flow are the clearances of free water (ml./min.), those above 
rate of solute excretion represent total solute concentration (mOsm./Kg.), and those above 
rates of sodium excretion indicate sodium concentration (mEq./L.). 


II. Ingestion of Urea—Each of two subjects was studied twice, once 
during a period of dietary salt restriction, and once while they were on a regular 
diet. A third subject was studied after loading with sodium chloride. (Die- 
tary salt restriction in these and subsequent studies consisted of 3 days of a 
diet which provided approximately 10 mEq. of sodium daily. No attempt was 
made to regulate or measure the sodium content of the unrestricted diets). 
After three or four 20 minute control periods, 250 mM. of urea was. given to 
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the seated subjects. This was taken orally over a period of 20 to 30 minutes 
in three 5 Gm. doses dissolved in a cola beverage. No nausea or gastrointes- 
tinal symptoms occurred. 

During salt restriction (Table I, C, and Fig. 3) control urine flow, Cy,o, 
and Cosm. were lower than those observed on a regular dict. Following urea 
ingestion, during salt restriction, there was a small increase in urine flow in 
one study and a decrease in the other. Urine sodium excretion remained con- 
stant at low levels, and Cy.o decreased, while Com. increased. Contrastingly, 
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Fig. 3.—Renal effects of the ingestion of urea by Subject P. F. while he was undergoing 
water diuresis in the seated position, during the period of unrestricted diet (solid line) and 
again during the period of a 10 mEq. sodium diet (broken line). The numbers above rates of 
urine flow are the clearances of free water (ml./min.), and those above rates of solute excretion 
represent total solute concentration (mOsm./Kg.). 


while on a regular diet, Subject P. F. had increases in urine flow, sodium ex- 
eretion, and both Cy,o and Cosm. Subject W. B. had a transient small inerease 
in sodium excretion, without significant change in Cy,o. Following this, both 
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sodium exeretion and free water clearance fell. Subject F. E. (Table I, C, 
No. 3) had decreases in urine flow, sodium excretion, and Cy,o, in spite of 
increased Cysm. following urea ingestion. The rise in serum osmolality in each 
study was attributable principally to the increased blood urea concentration. 

During urea loading, although solute excretion rose in each study, increase 
in Cy,o occurred only in the study where sodium excretion also increased 
significantly. 

III. Infusion of Manmitol.—After two or more control periods during a 
maintained water load, mannitol was infused intravenously at a rate sufficient 
to result in steadily rising mannitol excretion. At the same time 400 to 500 
ml. of water was added to the load taken orally. The additional water was given 
so that serum osmolality fell 1 to 6 mOsm. per kilogram during the mannitol 


infusion. 
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Fig. 4.—Renal effects of an infusion of mannitol in Subject B. W. while he was under- 
going water diuresis in the seated position; and the further effects of an infusion of sodium 
chloride taken while the patient was in the recumbent position. The numbers above rates of 
urine flow are the clearances of free water (ml./min.), and those above rates of solute ez- 
cretion represent total solute concentration (mOsm./Kg.). 


Two subjects remained supine throughout the study (Table IT, 4). Hach 
had a rise in urine flow and Cy,o, with mannitol excretion of 200 »M per minute 
or less. Increased UyaV accounted for a large part of the increase in Uosm.V. 
Creatinine clearance remained virtually constant or decreased. 
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Three subjects remained seated during similar infusions (Table II, B). 
With a rate of mannitol excretion to as high as 500 »M per minute there was 
no significant increase in Cy,o, or UyaV. At greater rates of mannitol excretion, 
both Cy,o and UyaV inereased. Creatinine clearance decreased throughout each 
study. 

Three other subjects were studied during dietary salt restriction (Table 
II, C, and Fig. 4). These also had virtually constant Cy,o and UyaV, in spite 
of mannitol exeretion of more than 400 »M per minute. After completion of 
the mannitol infusion in these subjects an infusion of sodium chloride was started. 
Serum osmolality rose 1 to 4 mOsm. per kilogram in the subjects during replace- 
ment of mannitol infusion by saline infusion. Two subjects (P. F. and W. B., 
Table II, C) remained seated; there was no significant change in UyaV or Cy.0, 
in spite of the decreasing Cy.m. and mannitol exeretion. The third subject 
(B. W., Fig. 4) assumed a supine position in bed during the sodium chloride 
infusion. He had concomitant increases in UyaV and Cy,o, in spite of the 
decreasing Cosm. and mannitol excretion. 

During these infusions, as in the previous studies, changes in sodium excre- 
tion were paralleled by accompanying changes in Cy,o. Alteration of solute 
excretion alone was not accompanied by alteration of Cy,o unless sodium exere- 
tion also changed. Where exeretion of sodium changed in a direction different 
from that of total solute excretion, Cy,o changes paralleled those of sodium 
excretion. 

DISCUSSION 

It has long been known that the rate of urine flow in diabetes insipidus 
is a function of the amount of sodium chloride®*-'? and other solutes'® ** excreted. 
The details and mechanisms of this effect have received considerable attention. 

Ladd found that the peak free water clearance (Cy,0) was the same in 
normal man during rapid intravenous infusion of isotonic saline solution fol- 
lowing ‘‘prehydration’’ as during water loading in the same subject, in spite 
of great differences in sodium chloride excretion. Wesson and Anslow'® found 
in water-loaded, anesthetized dogs that with increasingly large urea loads in- 
creases in urine flow accompanying increases in solute exeretion consisted of 
the addition of fluid isotonie to plasma. It was therefore concluded that the 
dilution of the urine was conditioned, under these cireumstanees, by the extrae- 
tion of a constant and maximal amount of sodium from the tubule. However, 
this constancy of Cy.o with change in solute exeretion has not been found 
under other conditions. For example, it has been shown that the increment in 
urine flow with solute loading consists of fluid hypotonie to plasma (increased 
Cy.0) both in neurohypophyseal'’ and Pitressin-resistant® diabetes insipidus. 


? 


Numerous other studies have also shown variations in Cy,9 accompanying 
changes in solute excretion in the absence of antidiuretic hormone activity. 
Experimental variables have included diet,? mannitol infusion,® * '* ?° infusion 
of sodium salts,®»* postural change,?° renal artery clamping,” administration 


29 


of carbonic anhydrase inhibitors,** ** and cortisone. By comparison of Cy,o 
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at various levels of mannitol excretion it has been possible to plot the relationship 
between Cy.o and urine flow under these conditions.® *® As solute excretion 
increases from low levels, Cy,o also increases, approaching about 12 per cent of 
elomerular filtration rate. 

The suggestion has been made that ‘‘tubular water is obligated differently 
by various solutes and the obligation imposed by sodium is usually more impor- 
tant than that of other solutes,’’* This unique effect of sodium has been ascribed’ 
to an alteration in the amount of sodium reabsorption at the tubule site of urine 
dilution. Yet, Kleeman, Epstein, and White’ stated that in their study ‘‘vari- 
ations in the rate of excretion of either electrolytes or non-electrolytes had no 
significant separate effect over and above their contribution to the total solute 
excretion,’ and Orloff® found that the same inereases in Cy,9 accompanied 
either sodium chloride or mannitol diuresis in Pitressin-resistant diabetes in- 
sipidus. However, since in these studies changes in total solute excretion were 
always accompanied by parallel changes in sodium excretion, ascertainment of 
whether or not sodium might have had any special independent role becomes 
more difficult. 

In the present studies the excretion of sodium and that of total solute 
were dissociated. In experiments where posture and hypotonie sodium chloride 
infusions were the variables, changes in solute excretion consisted almost entirely 
of sodium chloride. Changes in Cy,9 occurred with relatively small changes in 
Cosm. It may be considered that the primary factor was an alteration of fil- 
tration rate, proximal sodium reabsorption, or both, resulting in change in the 
load of isotonic fluid presented to the diluting site, and that this in turn affected 
sodium reabsorption, Cy,o formation, and sodium exeretion.* Other mechanisms 
by which change in glomerular filtration rate and renal plasma flow might 
affect water diuresis have been discussed by Berliner and Davidson.”! 

Changes in Cy,9 during mannitol and urea diuresis were smaller. This 
is at lease in part a result of the different design of the experiments. The 
infusions were given without waiting for ‘‘fall off’’ of the water diuresis in 
the initial periods, and, because of the higher levels of flow, relatively smaller 
changes in Cy,9 might be expected. However, when the saluretie effect of 
osmotic diuresis was prevented by posture or dietary salt restriction’® *° no rise 
in Cy,o occurred. That this was not entirely caused by the high initial rate of 
flow is shown by the fact that inerease in Cy,o did occur when sufficient osmotic 
load was given to increase UxaV. In some instanees the changes in Cy,o and 
UxaV were actually opposite to those in Cocm.. 

These findings are best explained by an increase in sodium reabsorption 
causing the increase in Cy,9 which may accompany osmotic diuresis. Under 
these circumstances the role of the osmotic diuretie is to alter the load of sodium 
chloride presented distally. The mechanism of this saluresis during osmotic 
diuresis has been discussed recently.? 


*No definite differentiation can be made between proximal tubule sodium reabsorption and 
glomerular filtration rate as the crucial factor here because of the inadequacies of any measure 
of glomerular filtration rate for this purpose.“ However, it should be noted that changes in 
Cer were ofien absent or opposite in direction to those in UnaV, which suggests at least some 
role for an alteration in proximal tubule function. 
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An alternative mechanism, which does not invoke changes in sodium re- 
absorption, is that ‘‘the rise in Cy,o with inereased solute excretion may in 
part be attributable to osmotie restraint by non-reabsorbable solute of the 
outward diffusion of ‘freed’ water from a diluting segment partially permeable 
to water.’’® By this mechanism the effeet of changes in sodium excretion should 
depend only on its contribution to the osmotie activity of the excreted urine. The 
fact that Cy.,o in the present studies was related to UyaV independent of change 
in Uosm.V provides evidence that under these circumstances sodium reabsorp- 
tion at the site of urinary dilution may be the important variable. 

The conclusions presented here are based upon the assumption that anti- 
diuretie hormone activity was minimal or absent during the experiments. This 
ean never be proved with certainty in the absence of an adequate measure of 
antidiuretic hormone activity. However, there is evidence that physiologic 
diabetes insipidus is complete under these experimental conditions, since addi- 
tional water loading*® and ethanol**? do not result in inereased urinary dilu- 
tion. Also, precautions were taken to keep plasma osmolality from rising during 
osmotie loading or to use a loading substance (urea) which would not stimu- 
late antidiuretic hormone release.** 


SUMMARY 


1. Water diuresis in normal males was studied during changes in posture, 
infusion of hypotonie solutions of sodium salts, mannitol infusion, and urea 
ingestion. 


2. Free water clearance was found to be more closely related to the exere- 
tion of sodium than that of other solutes. 

3. It is coneluded that under the conditions studied changes in free water 
clearance may be principally conditioned by changes in the distal hypertonic 
reabsorption of sodium salts. 
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CORRELATION OF GLOMERULAR FILTRATION RATE AND TUBULAR 
REABSORPTION OF PHOSPILATE AND THE INTERRELATIONSITIPS 
OF PHOSPHATE AND PARA-AMINOHIPPURATE CLEARANCE 
IN MAN 


JOHN Lewis, M.D., AND Rautpu V. Forp, M.D. 
Tlouston, TEXAS 
WITH THE TECHNICAL ASSISTANCE OF ALICE MILNER, PH.D. 


To further clarify the physiologic changes accompanying renal degenera- 
tion, twenty-four hypertensive patients with varying degrees of renal failur: 
(glomerular filtration rate range 10 to 1380 ml. per minute) were subjected to 
discrete renal functional testing by standard techniques and the contemporaneous 
determination of the tubular reabsorption of phosphate. In the attempt to 
correlate the tubular reabsorption of phosphate with renal plasma flow certain 
discrepancies were observed. This necessitated the determination of tubular 
reabsorption of phosphate with and without the contemporaneous determination 
of renal plasma flow. Also, renal plasma flow was determined with and without 
the contemporaneous determination of the tubular reabsorption of phosphate. 

The investigation to determine the correlation of glomerular filtration rate 
and tubular reabsorption of phosphate under conditions of high phosphate loading 
(plasma phosphate between 15 and 25 mg. per cent) indicated that the tubular 
reabsorption of phosphate is gradually decreased in man until the glomerular 
filtration rate is depressed to values lower than 60 ml. per minute. There is a 
rapid reduction in the tubular reabsorption of phosphate in the presence of 
further reduction in glomerular filtration rate, particularly when the glomerular 
filtration rate falls below 25 to 80 ml. per minute per 1.73 m2 body surface area. 

The tubular reabsorption of phosphate is depressed by the contemporaneous 
administration of para-aminohippwrate. , 

The clearance of para-aminohippurate (and thus the measurement of renal 
plasma flow) appears to be increased by approximately 25 per cent by the simul- 
taneous infusion of phosphate solutions. This observation is presently wnex- 
plamed. 


N EVALUATION of the renal reabsorptive mechanism for inorganie phos- 
A phate in dogs by Pitts and Alexander’ indicated that phosphate is not han- 
dled simply as a neutral electrolyte. Other studies, by Harrison and Harrison’ 
and Freeman and associates,* indicated that the change in phosphate reabsorption 
and exeretion during acidosis and alkalosis is probably a reflection of its use 
as a buffer as well as its possible participation in the metabolism of the tubules. 
Schulz, in 1930,* reported having found a difference in the urinary phosphate 
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recovered when normal and nephritic patients were given phosphate injections. 
Goldman and Bassett® have carried out a series of analyses relating a declining 
phosphate excretion to an increasing deeree of renal failure. 


TABLE I. A TYPICAL PATIENTS’ StTupy OF THE RELATIONSHIPS BETWEEN THE 


TUBULAR 
REABSORPTION OF PHOSPHATE AND THE CLEARANCE OF PARA-AMINOHIPPURATE 


LERU- 


TUBULAR | 


GLON 








| | | - Cran 
LAR | REABSORP- | (RENAL 
FILTRATION | PLASMA FILTERED URINE TION | PLASMA 
RATE | PHOSPHATE | PHOSPHATE | PHOSPHATE | PHOSPHATE | FLOW ) 
TIME (ML. PER (MG.PER | (MG.PER | (MG.PER | (MG.PER | (ML. PER 
(MIN. ) MINUTE) | MILLILITER) | MINUTE) | MINUTE) MINUTE) | MINUTE) 
0- 1 Inulin, 30 ml.; para-aminohippurate (PAH), 4 ml. (priming solution) 
1- 10 Inulin, 7 ml.; PAH, 2 ml.; Na,HPO,-7H,0O, 16.7 Gm.; NaH,PO, -H.O, 1.7 Gm.; 
dist. H,O, q.s. ad. 100 ml. (priming solution) 
10- 70 Inulin, 70 ml.; PAH, 20 ml.; Na,HPO,-7H,O, 41.8 Gm.; NaH.PO,-H.O, 4.3 
Gm.; dist. H,O, q.s. ad. 1,000 ml. (sustaining solution) * 
40- 50 59 15 8.9 7.7 1.2 370 
50- 60 65 21 13.7 13.0 Bi 490 
60- 70 62 26 16.1 15.1 1.0 388 
70-130 Inulin, 70 ml.; Na,HPO,-7H,O, 41.8 Gm.; NaH.PO,-H,O, 4.3 Gm.; dist. H,O, 
q.s. ad. 1,000 ml. (i.e., same as sustaining solution above without PAH) * 
100-110 65 23 14.9 11.1 3.8 
110-120 57 19 10.8 6.9 3.9 
120-130 61 20 12.2 9.1 3.1 


Three to 


Seven Days Later.— 





0- 1 Inulin, 30 ml.; PAH, 4 ml. (priming solution) 
1- 60 Inulin, 70 ml.; PAH, 20 ml.; dist. H,O, q.s. ad. 1,000 ml. (sustaining solution) 
30- 40 70 320 
40- 50 63 299 
50- 60 68 311 
60- 70 Inulin, 7 ml.; PAH, 2 ml.; Na,HPO,-7H,O, 16.7 Gm.; NaH,PO,-H.O, 1.7 Gm.; 
dist. H,O, q.s. ad. 100 ml. (priming solution) 
70-130 Inulin, 70 ml.; PAH, 20 ml.; Na,HPO,-7H,O, 41.8 Gm.; NaH,PO,-H,0, 4.3 
Gm.; dist. H,O, q.s. ad. 1,000 ml. (sustaining solution) * 
100-110 64 7 10.9 10.0 0.9 397 
110-120 72 .20 14.4 12.6 1.8 434 
120-130 59 25 14.8 13.7 1.1 415 
130-140 Inulin, 70 ml.; Na,HPO,-7H,O, 41.8 Gm.; NaH,PO,-H,O, 4.3 Gm.; dist. H,O, 
q.s. ad. 1,000 ml. (i.e., same as sustaining solution above without PAH)* 
160-170 59 21 12.4 9.2 3.2 
170-180 68 18 11.5 8.9 2.6 
180-190 56 .24 13.4 10.1 3.3 





*All sustaining solutions were given at a rate of 8 mi. per minute. 


The purpose of this study was to investigate phosphate reabsorption during 
phosphate loading in patients with renal disease and to correlate this phosphate 
reabsorption with other parameters of renal function. This necessitated the 
application of a method to evaluate the tubular reabsorption of phosphate 
(TRP) in patients with varying degrees of renal failure concurrently with the 
standard tests of renal function. It was noted during the course of this study 
that changes in the TRP appeared while the clearance of para-aminohippurate 
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(PAH) was simultaneously being determined. A further study was then in- 
corporated as follows: (1) determination of TRP with and without coneurrent 
determination of the clearanee of PAH, and (2) determination of the clearance 
of PAH with and without a phosphate infusion. 


MATERIALS AND METHODS 


The subjects of this study were twenty-four men with hypertensive cardiovascular dis- 
ease whose glomerular filtration rates (determined previously) ranged from 10 to 130 ml. per 
minute. These patients, in a state of fasting, were orally hydrated with 1,000 ml. of water 
one hour prior to the study, and subjected to discrete renal functional testing by standard 
techniques, with the use of PAH clearance and inulin clearance for determination of renal 
plasma flow and glomerular filtration rate, respectively. An example of the protocol which 
was followed is illustrated in Table I. All the studies were done in the forenoon; chemical 
analysis of phosphate was accomplished with the method of Fiske and Subbarow.7 


TABLE II. EFrrectT OF PARA-AMINOHIPPURATE ON THE TUBULAR REABSORPTION OF PHOSPHATE 


VALUES DURING THE 

















CONCURRENT DETERMINATION | VALUES WITHOUT CONCURRENT 
| | OF Copan DETERMINATION OF Cpau 

PATIENT | AGE BSA | Gert | Ppt | Grp$| up|] | TReY | Grr | Pp | Gre | Up | TRP 
l 43 1.85 123 =D 23 «21.70 1.30 122 =.18 22 17.0 5.0 

2 35 1.75 121 .19 23 «21.70 1.30 119 .20 24 19.0 5.0 

3 38 1.67 115.20 23 «21.70 1.30 117_— «21 25 «620.0 5.0 

t 25 1.71 94 18 17 15.80 1.20 93.19 18 13.4 4.6 

5 51 1.53 103.21 22 20.90 1.10 104 = .22 23 «18.6 «4.4 

6 46 1.82 87.23 20 18.90 1.10 86.24 21 16.7 4.3 

7 32 1.65 93 .19 18 17.00 1.00 92 + .18 17 #129 41 

8 55 1.96 74 24 18 16.90 1.10 75~—«.20 15 10.5 = 4.5 

9 46 1.65 85.20 17 15.90 1.10 84.21 18 14.3 3.7 
10 44 1.99 66 .18 12 11.00 1.00 65 .18 12 8.0 4.0 
11 37 1.80 62 .19 12. 11.00 1.00 62 .19 12 8.0 4.0 
12 47 1.65 64 .21 13 11.93 1.07 63 23 14 9.8 4.2 
13 42 1.73 5921 12 11.05 .95 d8 — .20 12 8.2 3.8 
14 74 2.30 40 .20 8 7.01 .99 40 19 8 5.8 2.2 
15 64 1.67 53.23 12 11.10 .90 52 ~=«Ci«d'YD 10 6.3 3.7 
16 48 1.75 38 «18 7 6.12 .88 39 20 19 6.4 3.6 
7 37 1.70 38.21 8 7.13 .87 36 — 21 8 4.5 3.5 
18 52 1.68 359 7 6.27  .73 34 18 6 3.1 2.9 
19 38 1.35 31.23 7 6.32 .68 32 («19 6 33 2.7 
20 62 1.67 26 = =.24 6 5.40 .60 25 iw 5 2.6 2.4 
21 41 1.80 20 —«.20 4 3.60.40 19 20 + 2. 1.6 
22 35 1.99 15 = «19 3 2.65 .35 14 22 3 2.6 4 
23 53 1.73 13.24 3 2.85 .15 14 20 4 3.4 6 
24 39 1.75 11 .23 3 2.90 .10 10 —.24 2 7 3 
Mean 49.3 1.76 61.21 12.4 11.50 .88 60.6 .21 12.4 9.1 3.35 





*BSA—Body surface area. All values corrected to standard body surface area of 1.73 


+GFR—Glomerular filtration rate (ml. per minute). 
tPp—Plasma phosphate (mg. per milliliter). 
§$GFP—Glomerular filtration of phosphate (mg. per minute). 
|Up—tUrine phosphate (mg. per minute). 

{TRP—tTubular reabsorption of phosphate (mg. per minute). 


In brief, the patients were given an intravenous priming infusion of inulin and PAH. 
Immediately thereafter, a second priming infusion was started, which contained a sustaining 
concentration of inulin and PAH and a priming concentration of phosphate. This phosphate 
was of such concentration as to produce a constant rise in blood phosphate level, so that a 
tubular maximum reabsorptive capacity for phosphate could be calculated. Following this 
second priming infusion, a sustaining solution of inulin, PAH, and phosphate was begun and, 
after a 30 minute equilibration period, three consecutive 10 minute urine specimens and 
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midpoint blood samples were collected for determination of GFR, RPF (Cpay), and TRP. 
A second sustaining solution (same as the first sustaining solution with the exception of PAH) 
was substituted and, after a 30 minute equilibration period, three consecutive 10 minute 
periods were observed for GFR and TRP. 

Three to seven days later the patients were restudied. At this time, however, GFR and 
RPF (Cpan) were determined prior to the infusion of any phosphate solution, with the use 
of standard techniques. At the end of the three 10 minute periods of observation used to 
determine the GFR and RPF (Cpay), the infusion containing only inulin and PAH was 
discontinued. Immediately, another infusion was begun, which contained a sustaining con- 
centration of inulin and PAH and a priming concentration of phosphate. This was followed 
by a sustaining infusion of inulin, PAH, and phosphate and, after a 30 minute equilibration 
period, observations on GFR, RPF (Cp,y), and TRP were made. At the time of discontinua- 
tion of this sustaining solution, a second sustaining solution, containing only inulin and 
phosphate, was begun. After another 30 minute equilibration period GFR and TRP were 


again determined. 
RESULTS 
These studies were designed to examine three relationships: (1) the correla- 
tion of GFR and TRP, (2) the effect of phosphate infusion on the Cpay, and 
(3) the effect of PAH infusions on TRP. Averages of the values observed for 
all subjects are presented in Table II. Although there were individual varia- 
tions in the values obtained in the consecutive discrete renal function studies, 


THE CORRELATION OF RENAL TUBULAR REABSORPTION OF 
PHOSPHATE AND GLOMERULAR FILTRATION RATE IN MAN 


Tubular Reabsorption of Phosphate 
mg. /min 
& 











20 40 60 80 100 120 140 


Glomerular Filtration Rate 
ml./min./1.73m2BSA 
Fig. 1—wWhen the glomerular filtration rate is greater than 60 ml. per minute the tubular 
reabsorption of plasma ranges from 4 to 5 mg. per minute. However, when the glomerular 


filtration rate is less than 30 ml. per minute, the tubular reabsorption of phosphate varies from 
0.3 to 2.4 mg. per minute. 


in view of the fact that every patient’s changes in tubular reabsorption, Cpan, 
and GER were in the same direction, it was thought unnecessary to subject these 
data to further tabular presentation in order to justify the use of mean values. 

The investigation to determine the correlation of GFR and TRP under 
conditions of high phosphate loading indicated that TRP ranges from 4 to 5 mg. 
per minute when the GFR is greater than 60 ml. per minute (Fig. 1). When, 
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however, the GFR is less than 30 ml. per minute, the TRP varies from 0.3 to 
2.4 mg. per minute. Since the amount of phosphate appearing in the urine per 
unit time is always less than that which is filtered per unit time, only TRP ean 
be demonstrated. The curve shown in Fig. 1 is plotted from values shown in 
Table II. 

In the initial segment of the study, when the PAH was removed from the 
sustaining solution, there was an inerease in the average TRP from 0.9 to 3.4 
mg. per minute per 1.73 M.? of body surface area (Table IT). During the 
determination of Cpan, plasma PAIL levels varied from 1.8 to 4.3 mg. per milli- 
liter, and during the subsequent three 10 minute determination periods (after 
a waiting period of 30 minutes during whieh no additional PAH was given) 
the plasma PATI level was less than 0.5 mg. per milliliter. 

In the second segment of the study there was a definite increase in Cpan 
from an average of 318 to 414 ml. per minute per 1.73 M.* body surface area 
(Table IIT) when phosphate was added to the infusion. The TRP ealeulated 
coneurrently with the Cpayq of 414 ml. per minute per 1.73 M.? body surface area 
was 0.9 mg. per minute per standard body surface area. This TRP increased 
to 3.6 mg. per minute per 1.73 M.*? body surface area when the infusion was 
discontinued. 

There were no significant side reactions noted during the study. One pa- 
tient became slightly hypoealeemic as a result of the high phosphate levels. 
This was corrected immediately with an intravenous injection of ealeium glu- 
conate. 


DISCUSSION 


The data of the eurrent study indicate that TRP is deereased with a de- 
crease in GFR but does not decrease as uniformly as does the latter. There is 
a more precipitous decrease in TRP when the GFR approaches 30 ml. per 
minute, but it never reaches the point of demonstrable tubular excretion of 
phosphate. Goldman and Bassett compared GFR and TRP in twenty patients 
in whom phosphate loading was not carried out and noted a gradual decline 
in TRP as GFR declined from 141 to 1.5 ml. per minute. The rather rapid 
decline in TRP as GFR is reduced to, or below, 30 ml. per minute seen in this 
study may be related to the fact that high phosphate levels were used; this 
served as a more sensitive indication of renal degeneration than simple ealeula- 
tion of TRP. Of interest is that Goldman and Bassett’s work revealed a normal 
serum phosphorus level until GFR dropped below 25 ml. per minute, after 
which the serum phosphorus progressively increased. This is in general agree- 
ment with the currently presented data, and suggests that hyperphosphatemia 
on a renal basis does not occur until there is a marked decline in GFR. That 
the tubular reabsorption of phosphate does not consistently parallel the GFR 
probably indicates that the former is a more sensitive parameter for determina- 
tion of renal degeneration. 


In the second portion of the study it was noted that PAIL clearance was 
increased in the presence of high plasma phosphate concentrations and, further, 
that TRP was reduced in the presence of the lower plasma concentration of 
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PAH used to measure RPF (Cpay). Although it has been reported that TRP 
varies directly with the level of PAH® these previous observations were made 
with high plasma PAT levels. The level of 0.5 mg. per milliliter seen in this 
study during determination of GER and TRP after a PAH infusion 30 minutes 
previously (Table 1) were not thought to be of sufficient magnitude to suppress 
the TRP. 


TABLE III. Errect oF PHOSPHATE INFUSION ON THE CLEARANCE OF PARA-AMINOHIPPURATE 








CLEARANCE OF PAH (ML. PER MINUTE) — 

















PATIENT* BEFORE PHOSPHATE INFUSION | DURING PHOSPHATE INFUSION 
1 608 790 
3 593 775 
3 585 762 
4 373 484 
5 520 676 
6 428 556 
7 369 508 
8 375 488 
9 419 545 

10 261 339 
11 312 407 
12 315 411 
13 290 377 
14 203 264 
15 261 340 
16 198 257 
7 330 428 
18 272 353 
19 256 335 
20 174 226 
21 372 225 
22 111 144 
23 112 145 
24 89 115 
Mean _318 414 








- #Se e . Table IT ‘for age > and “body surface uce area data. 


As ean be seen in Table III, phosphate infusion increases Cpaq approxi- 
mately 25 per cent. Sinee PAH is 90 per cent or greater during normal renal 
function, the increase in Cpay cannot be explained on the basis of modification 
of the transport process per se. Because (pay is considered to be the measure- 
ment of RPF (Cpay) we must assume that the latter was increased during the 
phosphate infusions, although all infusions were given at the same volume per 
minute. The facet that high phosphate levels increase Cpay (and thus RPF 
[Cpan|) has not been previously reported as far as we are aware, and we ean 
offer no explanation for this observation at this time. 


SUMMARY 


1. The tubular reabsorption of phosphate is gradually decreased in man 
until the glomerular filtration rate is depressed to values lower than 60 ml. per 
minute. There is a rapid reduction in the tubular reabsorption of phosphate 
in the presence of further reduction in glomerular filtration rate, particularly 
when.the glomeular filtration rate falls below 25 to 30 ml. per minute per 1.73 
M.’ body surface area. 
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2. The tubular reabsorption of phosphate is depressed by the contempora- 
neous administration of para-aminohippurate. 

3. The clearance of para-aminohippurate (and thus the measurement of 
renal plasma flow) appears to be inereased approximately 25 per cent by the 
simultaneous infusion of phosphate solutions. This observation is presently 
unexplained. 
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STUDIES ON HYDROXOCOBALAMIN 
I. EXCRETION AND RETENTION OF MASSIVE Doses IN CONTROL SUBJECTS 


ANDREAS KILLANDER, M.D.,* AND RoBert F. SCHILLING, M.D. 
Mapison, WIs. 


A comparison has becn made of the urinary excretion of cyanocobalamin 
and hydroxocobalamin. Massive doses were injected subcutancously in eighteen 
control subjects without signs of abnormal vitamin B,, metabolism. Distinctly 
more hydroxocobalamin was retained. 

The cyanocobalamin and the hydroxocobalamin labeled with Coo and Cos’, 
respectively, were injected separately or simultaneously. In the latter study 
differential radioactive assay of the two isotopes was employed. 

When 500 yg doses were given separately 79 to 89 per cent of cyanoco- 
balamin was excreted compared to 43 to 57 per cent of hydroxocobalamin. 
After injection of 1,000 wg 80 to 89 per cent of cyanocobalamin was excreted 
compared to 54 to 63 per cent of hydroxocobalamin. Sixty-four to 82 per cent 
cyanocobalamin and 31 to 387 per cent hydroxocobalamin were excreted after a 
simultaneous dose of 500 wg of each substance. There was a slower rate 
of disappearance from the injection site of the hydroxocobalamin than of the 
cyanocobalamin. In two of three patients followed with surface counting over 
the liver relatively more hydroxocobalamin radioactivity was found. It is 
concluded that the significantly greater retention of hydroxocobalamin than 
cyanocobalamin warrents further studies on the use of hydroxocobalamin for 
maintenance treatment in pernicious anemia. 


YDROXOCOBALAMIN (OH-B,,.), originally called vitamin B,2,' or vita- 

min B,.», contains a hydroxy group in the cobalt coordination complex 
instead of the cyano group characteristic of the ‘‘ordinary’’ vitamin By. or 
eyanocobalamin (CN-B,.). By treating cyanocobalamin with hydrogen gas in 
the presence of platinum oxide catalyst Kaezka and co-workers* obtained hydrox- 
ocobalamin in 1949. The hydroxocobalamin can be converted to eyanocobala- 
min by addition of cyanide in aqueous solution.? For the treatment of pernicious 
anemia in relapse the hydroxocobalamin is as active as the cyanocobalamin, 
whether injected or given by mouth with normal gastric juice.** Sinee eyano- 
cobalamin is more stable than hydroxocobalamin the usual manufacturing 
procedures involve the addition of cyanide to yield only cyanocobalamin. This 
vitamin has been used extensively for the initial and maintenance treatment of 
pernicious anemia. Doses varying from 20 to 200 yg have been injected 
every 2 to 6 weeks. Attempts to prolong the intervals between the injections 
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by using higher doses have as a rule not been successful. Kinloch® treated a 
series of 100 patients with injections of 1,000 pe of eyanoeobalamin every 3 
months. Thirteen patients showed unsatisfactory red cell levels after 9 to 16 
months and in eleven of these improvement was obtained by increasing the 
vitamin B,. dosage to 1,000 ng monthly. It is well known that the human 
body retains only a minor portion of doses between 500 and 1,000 ng of eyanoco- 
balamin (see Table IV). 

After injection into dogs Skegegs® found higher serum levels and less excre- 
tion of hydroxocobalamin than of cyanocobalamin. From both physiologic and 
therapeutic points of view it would be of interest to compare the retention of 
evanocobalamin and hydroxocobalamin in humans. This article presents in- 
vestigations on the exeretion, retention, and liver uptake of these two vitamin 
B,. compounds after injection of massive doses into control subjects. 


MATERIALS AND METHODS 


Cyanocobalamin labeled with Co6e* with a specific activity of approximately 1 me. 
per milligram was diluted with nonradioactive cyanocobalamin to the desired radioactivity 
per dose. A single lot of radioactive hydroxocobalamin preparation was used throughout 
the investigation. It was labeled with Co57 with an original specific activity of 0.005 me. 
per milligram and diluted with nonlabeled hydroxocobalamin to the desired radioactivity 
per dose. Each of these hydroxocobalamin preparations was stated to contain 89 per cent 
hydroxocobalamin, the rest being made up of ecyanoecobalamin and other cobalamins. No 
correction was made for the impurities when calculating the doses. 

The two vitamins were injected separately (Cases 1 to 13) or simultaneously (Cases 
14 to 18). All solutions were sterilized by filtration through a Millipore HA filter (pore 
size 0.45 w) using the Swinny hypodermic adapter. 

The total radioactivity administered did not exceed 1 we in any case. The solutions 
were injected subcutaneously in 1 to 2 ml. amounts except in the two subjects receiving 
1,000 wg of cyanocobalamin and 1,000 wg hydroxocobalamin in a total volume of 4 ml. 

Differential radioactive assays of the two cobalt isotopes were employed when two 
forms of vitamin B,. were given simultaneously. 

The series consisted of five healthy students and thirteen control patients without 
clinical signs of abnormal vitamin B,, metabolism, liver disease, or impaired renal function. 
The diagnoses included angina pectoris, anxiety state, asthma, bronchial carcinoma, eczema, 
headache, hemiparesis after cerebral bleeding, hypertension, mitral valve disease, myeloma, 
renal cyst, and ulcer of the stomach. 


RESULTS 


Three different studies were performed using either separate or simul- 
taneous injections of cyanocobalamin and hydroxocobalamin. Group I con- 
sisted of three subjects (1, 2, and 3) who received 500 yg and three other 
persons (4, 5, and 6) who received 1,000 pe cvanocobalamin labeled with Co". 
The urinary excretion of radioactivity during the following 72 hours is given 
in Table I. Most of the vitamin appeared in the urine within the first 24 hours. 
The urinary excretion was calculated as 79 to 89 per cent with an average of 
85 per cent of both the.500 and the 1,000 pg dose. 


*The radioactive vitamin Biz was supplied by Merck & Co., Inc., Rahway, N. J. 
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Group II consisted of three persons (7, 8, and 9) who were injected with 
900 wg and four patients (10, 11, 12, and 13) who were injected with 1,000 
ug hydroxocobalamin labeled with Co’. 
following 3 days is given in Table II. Most of the vitamin appeared in the 
urine during the first 24 hours. In the period from 24 to 72 hours more 
hydroxocobalamin than cyanocobalamin was excreted, but the total hydroxoco- 
balamin exereted was distinetly less than when identical quantities of eyanoco- 
balamin were injected. Group III: Subjects 14, 15, and 16 were given 500 
pg hydroxoeobalamin and 500 


The urinary exeretion during the 


ug eyanocobalamin simultaneously. In Case 
14 the two vitamins were injected separately in the right and left anterior thigh. 
TABLE I. Urinary Excretion OF CYANOCOBALAMIN-C060 





INJECTED | | 




















| | DOSE URINARY EXCRETION (yG) 
SUB- | | | 24-48 | 48-72 | EXCRETION 
JECT | AGE | SEX bG pc 0-24 HR. HR. | HR. TOTAL | (% OF DOSE) 
1 49 F 500 0.1 394 i 1 396 79 
2 45 F 500 0.1 435 2 2 439 88 
3 55 M 500 0.1 440 7 0 447 89 
4 64 M 1,000 0.1 782 12 3 797 80 
5 69 M 1,000 0.1 870 5 2 877 88 
6 60 M 1,000 0.1 875 9 2 886 89 
TABLE IT. URINARY EXCRETION OF HYDROXOCOBALAMIN-CO57 
| INJECTED | | =, _ | 
DOSE URINARY EXCRETION IN uG 
SUB- | | 24-48 48-72 | EXCRETION 
JECT | AGE | SEX LG pc 0-24 HR. HR. HR. | TOTAL | (% OF DOSE) 
7 49 F 500 0.2 220 17 12 249 50 
8 23 M 500 0.2 258 22 6 286 57 
9 35 M 500 0.2 170 45 3 218 43 
10 22 M_ 1,000 0.4 450 95 2 547 55 
11 21 M 1,000 0.4 540 68 23 631 63 
12 61 M_ 1,000 0.4 455 87 33 575 58 
13 59 M 1,000 0.4 463 57 17 537 54 








The two other subjects received as a single injection a mixture of the vitamins 
in the left anterior thigh. Two (17 and 18) received 1,000 pg 
hydroxocobalamin and 1,000 »g eyanocobalamin mixed together. The urinary 
exeretion was followed for 3 to 7 days after the injection. In Cases 14 to 17 all 
stools were collected during the same time. Differential counting of the two 
isotopes was performed over the injection site during zero to 24 hours in Cases 
14 to 17, and over the liver for periods of up to + weeks in Cases 15, 16, and 
17. Blood samples were drawn 1 to 2 hours after the injection. However, the 
radioactivity detected in these blood samples was too little to justify any 
calculations. 


persons 


Significant radioaetivity was not found in any of the stool samples. 
With the technique employed this means that less than 2.5 or 5 pg (0.5 per 
eent of the dose) was present in the sample. No significant excretion of radio- 
activity was found in the urine after 72 hours. The total exeretion of the hydrox- 
ocobalamin and eyanocobalamin is found in Table III. 
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TABLE IIT. ToraAL URINARY EXCRETION OF CYANOCOBALAMIN-CO69 AND HyDROXOCOBALAMIN- 
Co57 INJECTED SIMULTANEOUSLY 








OH-B,.-C057 CN-B,.-C060 

























































































. | 
DOSE | EXCRETION | DOSE | EXCRETION EXCRETION _ 
| | | | % oF | | % OF OH-B,, 
susswer|ace|sex| wc _| wo _| wo _|vose | we _| wo | no _|pose | ~owm, 
14 61 F 500 04 185 37 500 0.5 318 64 0.58 
15 43 M 500 0.4 153 31 500 0.5 408 82 0.38 
16 25 M 500 04 157 31 500 0.5 359 72 0.44 
17 22 M 1,000 04 722 72 ~# 1,000 05 910 91 0.79 
18 63 F 1,000 04 617 62 1,000 0.5 962 96 0.64 
Vig. 1. Fig. 2. 
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Fig. 3. Fig. 4. 


, Figs. 1, 2, 3, and 4.—Subjects 14 to 17, respectively. Disappearance of radioactivity from 
Injection site. Open circles represent hydroxocobalamin-Co™, Solid circles represent cyano- 
cobalamin-Co®, 
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Disappearance From Injection Site.—Differential counting of the two 


isotopes was started immediately after the subcutaneous injections. 


With the 


initial radioactivity taken as 100 per cent, the results have been plotted in Figs. 


1, 2, 3, and 4. 
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Figs. 5, 6, and 7.—Subjects 15, 16, and 17. 
circles represent hydroxocobalamin-Co*™,. 


eobalamin than for the eyanocobalamin. 


Appearance of radioactivity in the liver. 
Solid circles represent cyanocobalamin-Co®. 


It is evident that the disappearance rate was slower for hydroxo- 


Fig. 5. 


Fig 6. 


Open 


Twenty-four hours after the injection 
there: was 0.2 to 0.4 per cent of the eyanocobalamin-Co® radioactivity left at the 
injection site and 3.5 to 5.2 per cent of the hydroxocobalamin-Co™ activity. 
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Appearance in Liver.—Using the same differential counting technique the 
‘adioactivity was recorded over the liver starting at one hour after the injection 
and at different periods up to 4 weeks. The results are presented in Figs. 5, 6, 
and 7. In a sample containing equal quantities of radioactive (Co°’) hydroxo- 
cobalamin and radioactive (Co®) eyanocobalamin the ratio of the Co** counts 
to the Co® counts was 1:2. The net Co’ counts were therefore multiplied by a 
factor of 2 before being plotted in the diagram. Reference standards of Co 
and Co*® were always counted on the same days as the subjects. The results 
given in Figs. 5, 6, and 7 show that the radioactivity over the liver increased for 
at least 3 days after the injection and in one case up to 20 days. In two of the 
three persons there was a greater fraction of hydroxocobalamin radioactivity 
than of eyanocobalamin radioactivity in the liver. 


DISCUSSION 


In this investigation massive doses of eyanocobalamin and hydroxocobalamin 
were used because these doses are to be used in future studies of the relative 
value of these two vitamins in maintenance treatment of pernicious anemia. It 
is known that normal subjects and patients with pernicious anemia excrete 
Similar amounts of ecyanocobalamin after injections of large doses.’ It was 
therefore thought that results of excretion studies on persons without pernicious 
anemia would be of value for future observations on the treatment of this 
disease. 

The principal exeretion of both forms of vitamin B,. occurred with the 
urine. Because there was no significant excretion of radioactivity in the urine 
after 72 hours in patients 14 to 17, who were first investigated, a 72 hour col- 
lection of urine was considered adequate for the subsequent studies. The absence 
of significant radioactivity in the stool specimens indicates that there was no or 
very small fecal loss of the vitamins. Studies on the urinary excretion of 
eyanocobalamin after the injections of varying doses have been reported by 
several authors. Table IV contains a summary of the data in the literature and 
in the present investigation. The great variation among the results is evident. 
Conley and associates* found almost all of a 500 ng dose to be excreted in the 
urine. In contrast to this Mollin and Ross’ reported an average of 56 per cent 
excretion after the injection of 1,000 »g of the same vitamin. The reasons for 
these apparent differences are not known. However, we believe that the isotope 
technique is more reliable than microbiologic methods for estimation of large 
quantities of vitamin B,. in the urine. MacLean and Bloch’® have shown that 
the radioactivity present in the urine represents unchanged vitamin By». 

No previous data are available regarding the urinary excretion of hydrox- 
ocobalamin. The present results indicate that 43 to 57 per cent of a 500 peg 
dose was excreted. The corresponding figures for a 1,000 »e@ dose were 54 
to 63 per cent. The preparations used in these studies contained 89 per cent 
hydroxocobalamin, the rest being made up of eyanocobalamin and other uni- 
dentified cobalamins. It is highly improbable that the 11 per cent impurities 
present would account for the retention of approximately half of the injected 
amount of hydroxocobalamin. 
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The results indicate that significantly more hydroxocobalamin was retained 
than eyanocobalamin after parenteral administration of massive doses. 

It is not known why more ecyanocobalamin than hydroxocobalamin is ex- 
ereted after the injection of equal quantities of the vitamins. Several factors 
may be involved. It is probable that a slow absorption rate from the injection 
site would favor the deposition of the vitamin in the tissues. The hydroxoco- 
balamin preparation was found to disappear at a slower rate than the cyanoco- 
balamin from the injection site. However, it is unlikely that this would 
account for the whole difference in excretion between the two substances. Little 
is known about the mechanism by which the cobalamins are excreted by the 
kidney. With regard to the liver deposition, previous studies with small doses 
of eyanocobalamin have shown that there is a slow increase of hepatie radio- 
activity which reaches a peak within one week after ingestion or injection." 
With the massive doses of eyanocobalamin and hydroxocobalamin used in the 
present study the radioactivity over the liver was observed to inerease for 
periods of time varying from 3 to 20 days in the three subjects on whom this 
observation was made. Knowing the urinary excretion data one would have 
anticipated a higher hepatie concentration of Co*’ activity derived from hydrox- 
ocobalamin. This was found in two of the three eases. It does not seem 
probable that the fraction of these massive cobalamin doses not exereted im- 
mediately would be bound by plasma proteins. Hence, it has to be assumed that 
large quantities were temporarily bound in other tissues and then gradually 
transferred to the liver. The reason for the relatively slow deposition in the 
liver is unknown. It might be that the vitamin B,. compounds have to be 
changed or be attached to some other substance before storage. Actually, little 
is known about the form in which vitamin B,. is stored in the liver. Woodruff 
and Foster'* found most of the vitamin By,» activity in liver extracts to be due 
to hydroxocobalamin. Hedbom’® recently isolated from ox liver a cobalamin 
polypeptide complex which he thought did not contain eyanide. It is possible 
therefore that the hydroxocobalamin is more closely related than the eyanoco- 
balamin to the final form in which vitamin B,, is stored. If so, this may be the 
explanation for the better retention of the injected hydroxocobalamin. 


SUMMARY 


1. Large doses of hydroxocobalamin and eyanocobalamin were injected into 
subjects thought to have normal vitamin B,, metabolism. 

2. Judging from urine radioactivity the body retained a distinctly greater 
amount of hydroxocobalamin. 

3. The rate of disappearance of radioactivity from the injection site was 
slower for hydroxocobalamin than for c¢yanocobalamin. 

4. The fraction of the injected dose which appeared in the liver was greater 
for hydroxocobalamin than for cyanocobalamin. 


We appreciate the help of Mary Muckerheide and Merlyn Eckelberg. 
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BLOOD SERUM LEVELS AND INT aniaigghognens ABSORPTION 
OF VITAMIN B,, IN MULTIPLE SCLEROSIS 


Victor GRANN, A.B.,* AND GrorGEe B. Jerzy Guass, M.D. 
New York, N. Y. 
In view of the conflicting data in the literature as to the coexistence of 
B,, deficiency in multiple sclerosis, the authors determined the B,, blood serwm 
levels, by the Ochromonas malhamensis technique, and the intestinal absorption 
of radioactive vitamin B,,, by the hepatic uptake method, in twenty-one cases of 
this disease. This study failed to detect any significant B,, deficiency or derange- 


ment of intestinal absorption of vitamin B,, in multiple sclerosis. 


HE pathology of multiple sclerosis is characterized by the formation of 

demyelinated glial plaques, with naked axis eylinders and virtually intact 
ganglion cells, in the white matter of the central nervous system.’ Since 
demyelination of the long posterior nerve axons is a typical pathologie finding 
in severe vitamin B,, deficiency,? several investigators have studied the cor- 
relation between multiple sclerosis and the neuropathies found in vitamin defi- 
ciencies.** Vitamin B,. is known to perform many physiologic roles in normal 
nerve metabolism by virtue of its participation in the synthesis of ribose nucleic 
acid and the transmethylation reactions.? The latter are important for the 
formation and preservation of choline, an integral part of the molecules of 
lecithin and sphingomyelin contained in the myelin sheaths of nervous tissue.” **" 


The data available in the literature dealing with the role of vitamin B,. 
deficiency in multiple sclerosis tend to conflict, however. While Sobotka, 
Christoff, and Baker,*? using the Ochromonas malhamensis assay, found the B,» 
levels in the blood serum and cerebrospinal fluid elevated in about one-third 
of their twenty cases of multiple sclerosis, O’Connor and co-workers,'* using 
the Lactobacillus leichmannii assay, found, on the contrary, low B,. blood serum 
in ten of their twenty-one cases of multiple sclerosis, the levels falling to within 
the range found in patients with pernicious anemia. A similar conflict in 
results was found when vitamin B,. was used for the treatment of multiple selero- 
sis. *-* 24 While one group of investigators reported marked improvement in 
eases of multiple sclerosis following parenteral treatment with vitamin B,.,* ‘ 
others were unable to duplicate these findings." » ® 


In the light of these conflicting views as to the role of B,. in the pathogenesis 
of multiple sclerosis, this investigation was undertaken. 


From the Department of Medicine and the Gastroenterology Research Laboratory, New 
York Medical College, Metropolitan Medical Center, and the Bird S. Coler Memorial Hospital 
and Home, New York, N. 
Received for publication June 27, 1960. 
*Recipient of research support from the National Institutes of Health, Public Health 
Service, allocated to the New York Medical College for Student Training Summer Program. 
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MATERIALS AND METHODS 


A total of twenty-two cases of demyelinating neurological disease were studied, twenty- 
one of which were clinically diagnosed as multiple sclerosis. All patients had a thorough 
neurological evaluation. Some additional detailed information on their status is listed in 
Table I.* The vitamin B,, blood serum levels were determined in all eases by Ochromonas 
malhamensis assay15 as modified by Hutner and associates.16 In three of the multiple 
sclerosis cases, these levels were determined, in addition, by the Euglena gracilis method.17t 


VITAMIN Bio IN BLOOD SERUM AND HEPATIC UPTAKE OF RADIOACTIVE VITAMIN Bio 
IN 22 CASES OF MULTIPLE SCLEROSIS. 
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Fig. 1.—Vitamin Br in blood serum and hepatic uptake of radioactive vitamin Biz in 22 cases 

of demyelinating neurologic disease, including 21 cases of multiple sclerosis. 
In all twenty-two cases, intestinal absorption of vitamin B,, was determined by measurement 
of the hepatic uptake of radioactive B,,.18 Counts over the liver, with control counts over 
the intestines, were taken on the sixth, seventh, and eighth days following oral administration 
of labeled vitamin B,. For this purpose, a scintillation counter with no collimator was 
used, with a Nal thallium erystal (1 by %4 inch), at a 1,100 volt setting. Three hepatic and 
2 intestinal control projections were counted. The uptake of radioactivity over the liver 
was averaged from the 3 projections, calculated above background, corrected for intrinsic 
error of the scaler and for physical decay of the material, with the use of labeled B,, 
standards, and expressed per 1 ye of radioactive cobalt ingested. Seventeen patients received 
CosoB,.,¢ fifteen at a dose of 0.46 to 0.48 wg (containing 0.43 we Cos), and two at a dose 
of 4.83 wg (containing 0.576 we Cos), Eight patients received Co5SB,.$ at a dose of 0.598 
ug (containing 2.91 to 2.93 we Cod). 

*Grateful acknowledgment is made of the cooperation of Dr. Joseph Wilder in the 
clinical evaluation of the cases of multiple sclerosis on the wards of the Bird S. Coler Memorial 
Hospital. 

+The microbiologic assays of vitamin Bi in the blood serum, performed by Dr. Herman 
Baker of the Department of Chemistry, Mount Sinai Hospital, New York, N. Y., are gratefully 
acknowledged. 


tRadioactive vitamin Bs was supplied by Dr. Nathaniel S. Ritter and Dr. Charles Rosen- 
blum of the Merck Sharp & Dohme Research Laboratories, Merck & Co., Inc., Rahway, N. J. 
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RESULTS 

Results of assay of the vitamin B,,. blood levels and measurement of the 
hepatie uptake of labeled vitamin B,. are shown in Fig. 1 and listed in Table I. 

B,., Blood Serum Levels.— These were within normal limits, which for the 
Ochromonas method, lie between 150 and 800 pug per milliliter,’? in seventeen 
of the twenty-two patients. Three patients had levels above the normal, i.e., 
ranging from 900 to 1,608 pug per milliliter. Two of the latter had previously 
had parenteral treatment with vitamin B,. (see Table I). Two patients had 
very low B,2 blood levels, in the pernicious anemia range, i.e., 50 and 82 ppg 
per milliliter, respectively. One of these cases was diagnosed as multiple 
sclerosis, the other as degenerative disseminated demyelination disease with 
severe malnutrition. When assayed by Euglena gracilis, this multiple sclerosis 
ease was also found to have exceedingly low Bz levels, i.e., 95 ug per milliliter. 
In two other cases of multiple sclerosis B,. serum levels were in the lower 
range of the normal, i., 192 and 146 ppg per milliliter, respectively. 
Intestinal absorption of vitamin B,. was normal in all the four cases with low 
B,» blood levels if judged by the normal results of measurements of the hepatic 
uptake of radioactive B,. (see Table I). 

Hepatic Uptake of Radioactive Vitamin B,,.—Following oral administra- 
tion of a standard dose of labeled B,., hepatie uptake of radioactive B,. was 
performed on all twenty-two cases. Nineteen of the twenty-two cases studied had 
an intestinal absorption of labeled B,. within normal range,*° ie., with our 
settings, 300 to 1,200 e.p.m. per microcurie of Co” and 150 to 600 ¢.p.m. per 
microcurie of Co**®. One ease had an increased absorption, i.e., 1,590 ¢.p.m. per 
microcurie of Co®. Only two eases of multiple sclerosis showed a low intestinal 
absorption of vitamin B,., as demonstrated by their hepatie uptake of 255 ¢.p.m. 
per microcurie of Co® and 136 ¢.p.m. per microcurie of Co*’, respectively. The Bis 
blood serum levels of both these cases were within normal limits. 





DISCUSSION 


The results of our assays of vitamin B,, blood serum levels and the intestinal 
absorption of vitamin B,, indicate that the great majority of cases of multiple 
sclerosis do not present evidence of any significant vitamin B,. deficiency or 
vitamin B,. absorption defect. 

Our data on the blood serum levels of vitamin B,» in patients with multiple 
sclerosis do not corroborate the previous findings of other authors.’*** This 
cannot be explained by the prior vitamin B,. treatment, since, to our knowledge, 
this was given to only five of our patients within the year preceding this study 
(compare data in Table I). Our results indicate that B,. serum levels are, in 
the vast majority of cases, within the normal range. A few eases reported in 
the literature point to the same conclusion.*" ** 

We found the intestinal absorption of vitamin B,. to be normal in most of 
our eases of multiple sclerosis. This is in agreement with the findings obtained 
by O’Connor and co-workers'® with the use of the urinary excretion technique. 
Other authors also have reported isolated cases of multiple sclerosis and degenera- 
tive neurological disease with normal intestinal absorption of By2.?* ** 
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CONCLUSIONS 


Investigation of the blood serum levels of vitamin B,. by the Ochromonas 


malhamensis method and study by the hepatic uptake method of the intestnial 
absorption of radioactive vitamin B,,. in twenty-one cases of multiple selerosis 


fail to indicate any significant vitamin B,. deficiency or B,, 


» absorption defect 


in this disease. 


. Lereboullet, J., Plubinage, R., and Coty, R.: 
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OBSERVATIONS ON LEUKEMIC MARROW EXPLANTS IN WELL 
CULTURES 
PaTrici1A FARNES, M.D.,* aANp FRANK E. Tropauau, JR., M.D. 
CuHicaco, ILL. 


The cell type of undifferentiated peripheral blood leukocytes can be 
identified by the characteristic growth patterns which develop when they are 
cultured by a gradient method. Myelocytic cells grow in small colonies; the 
monocytic series produces elongated spindled cells and multinucleate giant cells, 
young lymphocytes develop colonies and rosettes, and mature lymphocytes grow 
in chains and pairs. 

Bone marrow flecks cultured in a well of 10 mm. uniform depth in a mixture 
of NCTC 109 and human serum develop patterns similar to those described above. 

Marrows from 16 patients with leukemia and 30 patients with nonleukemic 
disorders were cultured with the use of these techniques. In all of the cultures 
fibroblasts developed in a few days. The leukemic marrows showed growth 
patterns which were different from the nonleukemic disorders. The marrows 
from patients with acute leukemia showed differentiation and/or growth patterns 


which were of diagnostic aid. 


N 1957, Brooke, McNeese, and Osgood! deseribed a gradient culture method 

for leukemie peripheral blood cells in which undifferentiated cells could be 
identified as myelocytic, lymphocytic, or monocytic according to the character- 
istic growth pattern which developed. Under these conditions the myelocytic 
series grows in small colonies, while the monocytie series produces elongated 
spindled cells with the ultimate development of multinucleate giant cells.* * 
The young cells of the lymphocytie series also form colonies and ‘‘rosettes,’’ 
and the more mature lymphocytes grow in chains and pairs. 

Recently, Reisner* has deseribed a method for bone marrow culture in a 
well chamber in which he was able to cultivate human rib marrow for several 
months without the outgrowth of the so-ealled fibroblast-like cells which have 
invariably resulted from previous attempts to culture bone marrow.*°® The 
present study was undertaken to determine whether leukemic marrow explants 
in well cultures would develop the cell type growth patterns described above 
and prove useful in identification of leukemie cell type. 


MATERIALS AND METHODS 
One hundred twenty-six cultures were prepared from marrow flecks of sixteen patients 
with acute and chronic leukemia. In twelve patients the type of leukemia had been previously 
established and in four cases the diagnosis was ‘‘acute leukemia, type undetermined.’’ In 
these four cases the cells were so atypical and undifferentiated that further classification was 
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not possible by examination of the marrow and blood smears. One hundred eighty well 
cultures of nonleukemic marrow flecks, obtained from thirty patients with iron deficiency 
anemia or no known hematologic disorder, were cultured in an identical manner. 

Explants consisted of marrow flecks obtained from heparinized marrow aspirate; each 
explant was placed on the bottom cover slip of a well consisting of a 10 by 18 mm. micro- 
slide ring between two 22 mm. No. 1 cover slips (Fig. 1). The microslide ring was sealed 
to the lower cover slip with a mixture of one part Vaseline and one part paraffin. The explant 
was held down on the bottom cover slip by a dise of tantalum gauze cut to fit the inside 
diameter of the microslide ring. The medium of 40 per cent National Collection of Type 
Cultures No. 109 and 60 per cent filtered malignant pleural exudate was added to a depth 
of 8 to 9 mm, The top cover slip was sealed in place by means of the mixture described 
above. The cultures were incubated at 37° C. A minimum of six cultures was prepared 
from each marrow aspirate. Cultures were examined daily and terminated at one to 2-day 
intervals for periods up to 2 weeks. The bottom cover slips were air-dried and stained with 
the Wright-Giemsa solution for microscopic examination. 





Fig. 1.—The well, designed by Reisner, used for culture of bone marrow flecks. Explant is 
held to the cover slip by the tantalum gauze. 


RESULTS 


Within 24 hours following incubation a well-defined zone of migrating and 
proliferating cells appeared around the explants of leukemic and nonleukemic 
marrow. The zones, which appeared larger in relation to explant size in the 
leukemic marrow cultures, reached their maximum size within 48 hours and 
groups of cells were observed on the bottom cover slip far removed from the 
explant. 

After 2 to 3 days fibroblast-like cells made their appearance, usually near 
the border of the migratory zone, and inereased in number and proportion until 
the cultures were sacrificed. The fibroblast-like cells appeared regularly in this 
series of cultures (Fig. 2) and were more numerous in the nonleukemie cultures 
at all ages. 

After one week of ineubation the nonleukemie cultures showed a pre- 
dominant fibroblast-like cell population with persistence of myelocytes, mono- 
cytes, and eosinophils, and occasional megakaryocytes and lymphocytes. Rare 
erythroid cells were seen. The leukemic cultures, after one week of ineubation, 
consisted of a moderate number of fibroblast-like cells and a large population 
of leukemic cells. Even in instances where the leukemic series represented only 
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40 per cent of the original inoculum as determined by differential marrow count, 
after one week in culture more than 90 per cent of the hemie cells were of the 


leukemic type. 





{ days, showing proliferation of fibroblast-like cells and 


Fig. 2.—Nonleukemic marrow fleck at 
persistence of hemic cells. 
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Fig. 3.—Colonies of myelocytic cells from a 4-day well culture of marrow from a patient with 
acute myelocytic leukemia. 

Kight eases of acute leukemia were studied. These included two eases of 

known myeloblastie leukemia, two eases of known lymphoblastic leukemia, and 

four cases in which the diagnosis was ‘‘acute leukemia, type undetermined.’’ 
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The myeloblastie leukemia marrows showed typical myeloid colony formation 
after two days in culture (Figs. 3 and 4). Erythrophagocytosis was common in 
these cultures and mitotic activity was frequent. The marrow cultures from 





Fig. 4.—Myeloid cells, in culture 3 days, from acute myelocytic leukemia. Two mitotic figures 
are present. 





Fig. 5.—A small colony of lymphoblasts from a 3-day culture of marrow from a patient with 
acute lymphoblastic leukemia in partial remission. 

the patients with acute lymphoblastic leukemia showed colony formation as has 
been described, with the cells showing the typical ‘‘hand-mirror’’ appearance 
characteristic of their mode of locomotion.’ In some cultures rosette formation 
occurred also (Figs. 5 and 6). In two eases of ‘‘acute leukemia, type undeter- 
mined,’’ in 2 days, colonies characteristic of the myeloid series were obtained 
and in the remaining two eases, colonies developed in which the typical ‘‘hand- 
mirror’’ appearance of the cells proved them to be lymphoblasts. Although 
typical spindled elongated cells of the monocytie series were present in small 
numbers in some of the cultures from leukemic and nonleukemie marrow, in 
none of the cases studied were they the predominant cell type and no multinu- 
cleate giant cells developed in the leukemic cultures. 

Eight eases of chronie leukemia were studied, five myelocytic and three 
lymphoeytie. After 2 days in eulture the cover slips from the chronic myelo- 
eytic leukemia marrows showed large numbers of myeloid cells of which the 
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majority were more mature than the promyelocyte stage. Many younger cells 
were also present, however, and mitoses were frequent, with myeloid colony 
formation easily seen. In the chronic lymphocytic leukemia cultures colonies 
of lvmphoeytie cells showing growth patterns in pairs and chains were observed 
(Fig. 7). 
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Fig. 6.—Two-day culture of lymphoid cells from a patient with chronic lymphocytic leukemia. 
These cells illustrate the “rosette” formation seen in cultures of the lymphocytic series. 





Fig. 7.—Marrow culture at 12 days from a patient with chronic lymphocytic leukemia. 
Original marrow aspirate showed less than 40 per cent lymphocytes on differential count. This 
illustrates the pattern of lymphocytic growth with many cells in pairs and chains. Fibroblast- 
like cells are also present. 

DISCUSSION 

The migratory zones of the leukemie and nonleukemic marrow explants 
appeared different in that the leukemic ones were wider and more dense in 
relation to explant size. This difference was observed after 8 hours of ineuba- 
tion and is the subject of further investigation. Hiraki*® has observed a similar 
difference and considers it of diagnostic aid. 
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The factors influencing the development and proliferation of the fibroblast- 
like cells in marrow culture are still obscure and deserve further study. In 
contrast to the observations of Reisner, who also used well marrow cultures, we 
found fibroblast-like cells to occur universally in this group of cultures. In- 
vestigations of differences in medium used and explant size, with the use of 
aspirated and rib marrow in the well cultures, have failed to reveal the causes 
of these differing observations.°® 

Maturation of the leukemic cells occurs unpredictably with this culture 
technique. In a few instances, rather striking differentiation occurred within 
5 to 7 days in culture. In most eases differentiation was minimal and the 
identification of the cell type was made from the growth pattern of the un- 
differentiated cells. Thus the results of this culture technique contrast with 
those obtained by Pierce’? and others who used plasma clot techniques in which 
leukemie marrow or blood cells showed maturation in culture allowing their 
identification as to cell type. 

The leukemic marrows studied have shown good agreement with the criteria 
of Osgood and co-workers” * with respect to identification of cell patterns in the 
types of leukemia studied. In spite of the fact that no caleulated gradient was 
employed representative patterns developed. It seems reasonable that a wide 
variation of gradients with respect to cell number would exist in each culture 
after migration from the explant had occurred and the range provided seems 
satisfactory for the short-term survival and proliferation of these cells. 


SUMMARY 


1. Leukemie and nonleukemie marrow explants have been studied in well 


cultures; fibroblast-like cells develop universally in these cultures. 

2. Leukemic marrow cultures develop readily identified patterns of cell 
growth for each cell series which fact ean prove helpful in identification of the 
type of leukemia. 
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THE METABOLISM OF INTRAVENOUSLY INFUSED C**-LABELED 
CHOLESTEROL IN EUTHYROIDISM AND MYXEDEMA 


Grorce 8. Kuruanp, M.D., Juprra L. Lucas, M.S., anp 
A. STONE FREEDBERG, M.D. 
Boston, Mass. 


C14-labeled cholesterol was infused intravenously into three euthyroid pa- 
tients and the resulting plasma, red blood cell, and stool radioactivity were 
measured. As one patient died on the fifteenth day after infusion, the choles- 
terol specific activity of various tissues obtained at postmortem was determined. 
Highest specific activity was found in liver, the only tissue in equilibrium with 
plasma. All other tisswes had lower specific activitics. Studies were repeated 
in the remaining two cases after the induction of myxedema with radioactive 
iodine. The initial rapid drop in specific activity of plasma free cholesterol 
blended into succeeding slower phases and ultimately into a long slow slope with 
half-lives of 75 and 69 days respectively; following the induction of myxedema 
in these two patients, the half-time of the slope of similar portions of the C14 
disappearance curve increased to 164 and 118 days, respectively. Beginning 
shortly after each infusion, there was a rise in the calculated specific activity 
of the plasma esterified cholesterol which reached the level of the free cholesterol 
between the third and fifth days. Thereafter, they fell in parallel fashion. In 
myxedema, there was delay in the formation of labeled esterified cholesterol. 
The specific activity of red blood cell free cholesterol increased rapidly and 
reached a peak within 16 hours after infusion. No change was noted in myz- 
edema. The ‘‘ exchangeable cholesterol pool’’ was estimated by the principle of 
isotope dilution after extrapolation of the long slow slope of the C14 disappearance 
curve back to the time of infusion. It was found to be 60 and 79 Gms. in the 
two cases, and no change was noted in myxedema. The data are consistent with 
the interpretation that in myxedema cholesterol disposition is decreased relatively 
to its rate of synthesis. | 


RECIPROCAL relation between thyroid function and the level of serum 

cholesterol has long been recognized.t Recently, animal studies have 
shown that hypothyroidism is accompanied by decreased synthesis, decreased 
biliary and stool excretion, and delayed disposition of cholesterol. At the time 
our studies were undertaken, such data concerning the mechanism of the hyper- 
cholesterolemia of myxedema in man were lacking. The present report compares 
the metabolism of infused C**-labeled cholesterol in two patients when they were 
euthyroid and myxedematous. <A third patient died 15 days after the initial 
infusion; an opportunity was thus provided to study the distribution of C* 
cholesterol at postmortem. 
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MATERIALS AND METHODS 


Three patients with severe angina pectoris were studied (Table I). Cases 2 and 3 
were diagnosed as euthyroid by clinical and laboratory evidence including the basal metabolic 
rate, 24 hour thyroid gland uptake of radioactive iodine, and the serum cholesterol. In 
Patient 1, also considered euthyroid, the plasma cholesterol was elevated before 1131 treat- 
ment; this patient had undergone bilateral oophorectomy 8 years previously. 

When cardiac and metabolic evaluation had been completed, C14 cholesterol was infused 
as described below. Subsequently, myxedema was induced in Patients 1 and 2 by the admin- 
istration of repeated doses of radioiodine. A second infusion of C14 cholesterol was then 
performed and the studies repeated. Patient 3 died following a fresh myocardial infarction 
15 days after the first infusion. The tissues obtained at post-mortem examination were 
analyzed for total and C14 cholesterol content. 


TABLE I 


“a SERUM CHOLESTEROL 
MG./100 ML. 








_ ___| PATIENT | AGE | SEX EUTHYROID, MYXEDEMA OTHER DIAGNOSES 
: AP, 32 F 375 650 Previous oophorectomy 
Il L. G. 60 F 235 400 Hypertension 
ITI W. C. 60 M 185 wee Died 15th day 


Kadioactivity Methods.—Cholesterol-4-C14 with a specific activity of 5 we per microgram 
was obtained from a commercial source.* It had been purified by digitonin precipitation, 
and the cholesterol recovered, chromatographed, and recrystallized just prior to shipment. 
The labeled cholesterol was used within a short time of receipt; when not used immediately, 
it was dissolved in absolute alcohol and stored in the dark at 5° C. 


Ten to 47 ywe of the cholesterol-C14 and approximately 45 wg of carrier cholesterol were 
dissolved in 30 ml. of 0.89 per cent sodium chloride solution with 1.4 ml. of Tween 20.3 
The clear mixture was filtered through a sterile ultrafine sintered glass funnel. Under sterile 
precautions, a known volume was infused slowly from a calibrated syringe into the patient. 
Aliquots of the administered solution were taken for determination of the cholesterol content 
and specific activity. Details of analytical techniques employed are described below. 


Blood: Fifteen to 30 ml. of venous blood was drawn and transferred to tubes con- 
taining 0.2 ml. 20 per cent potassium oxalate. Plasma and red cells were separated by 
immediate centrifugation. Initial processing was carried out as rapidly as possible in order 
to minimize plasma and red blood cell cholesterol exchange and esterification of plasma 
free cholesterol. The red cells were washed 3 times with twice their volume of 0.89 per cent 
sodium chloride. Duplicate 2 to 5 ml. aliquots of the plasma were precipitated by tungstate, 
washed with sulfuric acid, and extracted with 50 ml. of 1:1 ethanol ether. Cholesterol 
determinations were made by the method of Sperry and Webb.+ 


Isolation of plasma radioactive cholesterol: Approximately one-fourth of each lipid 
extract was saponified with 0.5 ml. 50 per cent potassium hydroxide, neutralized with acetic 
acid, filtered, and the total cholesterol precipitated with 4 ml. of 1 per cent digitonin in 
50 per cent ethanol. The free cholesterol of the lipid extract was precipitated with 5 ml. 
of 1 per cent digitonin and then 4 drops of 10 per cent acetic acid was added. After 
standing for 4 to 5 hours, and subsequent centrifugation, the digitonin precipitates were 
washed twice with 80 per cent ethanol, and once with acetone ether, A small amount of 
95 per cent ethanol was added to make a uniform, thick slurry (approximately 0.5 to 2.0 ml. 
containing 3 to 9 mg. of the digitonide) which was pipetted directly into weighed shallow 
aluminum planchettes, 3.06 cm. in diameter. By manually rotating the dishes during the 
transfer and occasionally during the first few minutes of drying, a uniform, smoothly dis- 


*Radioactive Products, Inc., Detroit, Mich. 
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persed cholesterol digitonide was obtained. The planchettes were dried, weighed, stored in 
a desiccator, and, just prior to counting, redried on a hot plate. Radioactivity was measured 
in a windowless flow counter.* Suitable correction for absorption was made from calibration 
curves with the use of cholesterol digitonide. The values thus obtained were compared with 
measured total plasma radioactivity to detect noncholesterol radioactivity. None was found. 

Specific activity of the esterified cholesterol was caleulated from the specific activities 
of the serum total and free cholesterol and the chemical serum cholesterol. 

Since caleulation of ester radioactivity depended on 3 measurements, it was anticipated 
that its accuracy would not be as great as if measured directly. 

Since digitonin is not a specific precipitant for cholesterol, selected plasma extracts 
were brominated. After plasma was extracted and saponified in the usual manner and an 
aliquot had been removed for precipitation of cholesterol by digitonin, another aliquot was 
dissolved in 3 ml, ether and brominated by the method of Schwenk.5 The crystals of 
dibromocholesterol were dissolved in 10 ml. ethanol, refluxed with 170 mg. potassium iodide 
for 3 hours, mixed with 6 ml. distilled water and 7 ml. 12 per cent sodium sulfate, and 
then extracted 6 times with petroleum ether. The pooled petroleum ether extracts containing 
the regenerated cholesterol were washed once with sodium sulfate and 3 times with water. 
After removal of the petroleum ether, the cholesterol was redissolved in alcohol ether and 
aliquots precipitated as described above with 1 per cent digitonin, washed, and plated. It 
was found that even at very low counting rates occurring as late as 140 days after adminis- 
tration of the cholesterol 4-C14, no significant difference in counting rate existed between 
the cholesterol subjected to bromination and that directly processed with digitonin. 


Isolation of red blood cell cholesterol: The red blood cell cholesterol, all of which was 
in the free state, was extracted from the washed cells with 1:1 acetone-ethanol. One or 2 
ml. of the red blood cells was added slowly to 25 ml. of the solvent; with vigorous stirring, 
the mixture was heated in boiling water, and filtered after it cooled. Five milliliters of 
1 per cent digitonin and 4 drops of 10 per cent acetic acid were added to the filtrate and 
the resulting precipitate allowed to stand for not longer than 3 hours. The digitonide was 
then processed as described above for plasma cholesterol. 


Tissues: Weighed samples of tissues, which had been obtained at the autopsy of Case 
3 and had been stored in the frozen state, were minced, homogenized with a small amount of 
ethanol, and extracted continually with chloroform for 2 to 3 days in a Soxhlet apparatus. 
The chloroform was removed and the residue dissolved in a known amount of ethanol ether. 
Aliquots of the extract were taken for the chemical determination of free and total cholesterol. 
For radioactivity determinations, free and total cholesterol were isolated by digitonin precipi- 
tation processed as described above for the plasma extracts. In ‘addition, aliquots of the 
lipid extract were plated directly on rubber cemented dises (as described below for stool 
analyses) and the activity of the whole extract was compared with the activity of the 
cholesterol digitonide in the extract. 

A sample of bile was extracted and fractionated as described below for stool studies. 


Feces: Total stools collected in cardboard containers, weighed, and stored at 5° C. for 
not longer than 24 hours were homogenized with ethanol in a Waring Blendor. All stools 
accumulated during 1 day were pooled; in some instances, the stool samples for 2 days were 
pooled. An aliquot of the homogenate corresponding to 15 to 25 Gm. of the stool was 
extracted continuously with ethanol for at least 48 hours. This process removed all fecal 
radioactivity. Chloroform extraction yielded the same amount of radioactivity as ethanol 
extraction. 

The ethanol extracts were concentrated on a steam bath, filtered, and made up to a 
convenient volume, usually 100 ml. Duplicate, 0.5 to 2 ml., aliquots were plated on plan- 
chettes which had been coated with a thin layer of rubber cement, the required volume 
of sera being added in stages of 0.5 ml., with drying between each addition. The use of rubber 
cement and the plating in stages minimized accumulation of the material along the sides 
of the planchettes. The digitonin precipitable sterols were separated from aliquots of the 


*Nuclear Instruments, Chicago, Il. 
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ethanol extract and processed for radioactive determinations in the usual manner. Aliquots 
of the ethanol extract were also analyzed for a OH sterols by the Liebermann-Burchard 
test. Because of the presence in the stool of other a hydroxy sterols, which react with the 
color-inducing reagent at varying rates and with different color intensities, the results, while 
expressed as cholesterol, can be considered only an approximation. 


Fractionation of stool radioactivity: The procedure of Siperstein and associates* was 
followed with modifications. Ten milliliter samples of the ethanol extract were saponified 
with 10 ml. of 10 N sodium hydroxide on a steam bath for 15 to 20 hours. Five milliliters 
distilled water was added, and the nonsaponifiable matter removed completely by extraction 
with four 150 ml. portions of petroleum ether. The combined extracts were concentrated on 
a steam bath, washed with water in some instances, and brought to a known volume, usually 
15 ml. The washing procedure did not significantly lower the radioactivity of the extract. 
Duplicate aliquots of the clear, nonsaponifiable fraction were plated and the C14 content 
determined. In some cases, chemical and radioactive determinations were made on the 
digitonin precipitable portion of the nonsaponifiable fraction; the results were identical 
with those obtained for the ethanol extract. 

The material remaining after extraction of the nonsaponifiable material was then 
heated on a steam bath under a stream of nitrogen to remove all alcohol. After acidification 
with 10 N sulfuric acid, it was extracted 6 times with 150 ml. portions of petroleum ether. 
The combined extracts were concentrated to a volume of 10 ml., washed 3 times with water, 
and duplicate aliquots were plated in rubber cemented planchettes. After removal of 
petroleum ether from the aqueous layer, bile acids were removed by repeated extraction with 
150 ml. portions of ethyl ether. The combined extracts were concentrated in a steam bath 
to a volume of 10 ml. and duplicate aliquots were plated. In addition, a 5 ml. aliquot was 
washed 3 times with 5 ml. portions of 0.85 N sodium carbonate to remove all acidic sterols. 
The washed extract contained negligible activity. 

In order to facilitate comparison of curves obtained in the euthyroid and myxedematous 
states, counts were multiplied by a factor which corrected to an arbitrary 107 infused counts. 
All data were plotted on semilogarithmic paper, and lines were drawn which visually fitted 
the data best. A statistical analysis, based on the method of least squares, is presented in 
the Appendix. 


RESULTS 


The Metabolism of Intravenously Infused C' Cholesterol in Euthyroid 
Patients Following the intravenous infusion of C**-labeled free cholesterol, 
there was a rapid drop in the specific activity (S.A.) of the plasma free choles- 
terol, the level of radioactivity dropping in each case by one-half within the 
first 24 hours. This rapid phase blended gradually into succeeding slower 
phases which ultimately blended into a long slope which could be measured. 
In Case 1 (Fig. 1, closed circle) the final slope was exponential with Tl4a 
equal to 75 days. In Case 2 (Fig. 2, closed circle) the final slope, i.e., T¥4a 
equaled 69 days for the period from the thirty-seventh to the eighty-eighth 
day. <A slower slope in the period between Days 160 and 210 (T14 = 154 days) 
probably represents the altered cholesterol metabolism during developing hypo- 
thyroidism. Clear clinical and laboratory evidence of hypothyroidism, including 
a rising serum chlosterol, was present during this period. The next more 
rapid components of the two disappearance curves derived by subtracting Tl4a 
from the gross curve, had half times (T14b) of 7 and 9 days in Cases 1 and 2, 
respectively. 

Beginning shortly after the infusion of labeled free cholesterol, there was 
a rise in the specific activity of the plasma esterified cholesterol (Fig. 3). This 
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reached a peak between the second and third days after infusion and fell 
eradually thereafter. The ester specific activity became equal to that of the free 
cholesterol after approximately 3 days in Case 1 (Fig. 3) and 5 days in Case 2. 
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Thereafter, the free and ester activity decreased in parallel fashion, the S.A. of 
the esters always being a little higher. 


The specific activity of the red blood cell free cholesterol increased rapidly 
and reached a peak within the first 16 hours (Case 1) after infusion. Thereafter 
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its fall followed closely that of the plasma-free and later that of the esterified 
cholesterol. 

The specifie activity of the total stool extract was measured for 17 days 
in Case 1 and 12 days in Case 3 (Fig. 4). Thirty-one per cent of the injected 
material had been exereted at the end of 17 days in Case 1. During the first 
9 days, 2 to 5 per cent of the injected radioactivity was exereted daily; there- 
after, much smaller amounts were eliminated. The C™ stool exeretion in Case 3 
was quite similar. Stool radioactivity was found in both the nonsaponifiable 
and saponifiable material. In the earliest stools, the largest amount of recover- 
able radioactivity (43 per cent of the daily excretion) was found in the bile 
acids. In subsequent stools, collected up to 17 days after infusion, 37 to 62 per 
cent of the total stool radioactivity was found in the nonsaponifiable fraction, 
and only 11 to 23 per cent in the bile acid fraction. 
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Fig. 3.—Specific activity of free, esterified, and red blood cell cholesterol in the euthyroid and 
myxedematous states. 


TABLE II. Speciric ACTIVITY OF CHOLESTEROL FROM TISSUE OBTAINED AT POSTMORTEM. 
PATIENT W. C. 





SPECIFIC ACTIVITY 











TISSUE TOTAL FREE 

Plasma 65 

Liver 65 61 
Adrenal 55 56 
Testis 47 55 
Muscle 44 50 
Pulmonary artery 25 25 
Aorta (1) 12 13 
Aorta (2) 11 9 
Skin 34 
Fat 28 


-atient 3 died of an acute myocardial infarction on the fifteenth day 
after C** cholesterol infusion. The specific activities of the isolated tissue 
cholesterol are shown in Table II. Only the liver cholesterol had reached 
isotopic equilibrium with the plasma; all other tissues had a lower specific 
activity than plasma. 
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By extrapolation of the slow component (Ti4a, Figs. 1 and 2) of the 
disappearance curve back to the time of infusion, the size of the ‘‘exchangeable 
body pool’’ of cholesterol was estimated by the principle of isotope dilution. In 
Case 1, this was 79 Gm., in Case 2, 60 Gm. 
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Fig. 4.—The cumulative fecal radioactivity following infusion of C-labeled cholesterol. 


The Metabolism of C’*-Labeled Cholesterol Following the Induction of Myzxe- 
dema.—Following induction of myxedema, the serum cholesterol rose in Case 1 
from 375 mg. per 100 ml. to approximately 650 mg. per 100 mi., and in Case 
2 from 235 to 400 mg. per 100 ml. During the first 13 to 15 days after the 
second infusion of C™ cholesterol, the gross curve of disappearance of plasma 
radioactivity was not distinguishable from that obtained before myxedema. 
Thereafter, the curves diverged, that obtained in myxedema falling much more 
slowly than that observed during the euthyroid state (see Appendix). For 
example, in Case 1, T1l4a increased from 75 days when euthyroid to 164 days 
in myxedema, and T\4b increased from 7 to 10 days (Fig. 1) and in Case 2, 
Tl4a increased from 69 to 118 days and T1%4b from 9 to 15 days (Fig. 2). 

In Case 1, 15 mg. desiccated thyroid was administered daily, starting the 
eighty-ninth day after infusion. There was no change in the serum cholesterol, 
which remained approximately 650 mg. per cent. However, there was a transient 
increase in the C' specific activity disappearance rate which later returned 
to the previous slope. Up to the time of thyroid administration, the S.A. had 
decreased with T14 equal to 164 days. The rate of disappearance calculated 
from Day 104 (15 days after thyroid was started) to Day 149 (after 60 days 
of thyroid therapy) had increased with a T14 of 74 days. Subsequently, from 
149 days to 299 days (end of study), the rate of disappearance slowed again 
with a T1% of 168 days. 
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In Case 2, desiccated thyroid, 15 mg. daily, was administered from the 
eighty-third day after the second infusion. The serum cholesterol fell, during 
the ensuing 87 days, from 458 to 310 mg. per cent. Despite the change in serum 


cholesterol, there was no observed change in the C* specific activity disappear- 
ance curve. 


There was no significant difference in myxedema in the rate of appearance 
of the labeled red blood cell cholesterol and its subsequent disappearance during 
14 days of measurement (Fig. 3). The appearance of labeled cholesterol esters 
in the plasma during myxedema in Case 1 was definitely slower than during 
the period of euthyroidism (Fig. 3); the data in Case 2 were insufficient to 
show this conclusively, although it suggested a similar delay in formation of 
labeled esterified cholesterol. Estimates of the size of the exchangeable choles- 
terol pool based on extrapolation of similar periods of the infusion curve to 
those used in the euthyroid state indicated that there was no significant change 
in the size of the exchangeable cholesterol pool in myxedema. 


_ The stool radioactivity was measured for 18 days after the second infusion 
in Case 1. Although larger amounts of radioactivity appeared in the stool during 
the first 5 days after infusion, the subsequent excretion was slow, and the 18 
day cumulative excretion in myxedema was not different from that in euthyroid- 
ism. Again the greatest radioactivity was found in the nonsaponifiable frac- 
tion with lesser amounts in the saponifiable fractions. However, when the data 
in myxedema were compared to those of the euthyroid period, there was a slight 
but consistent decrease in the per cent of recoverable radioactivity in the non- 


saponifiable fraction and an increase in the per cent found in the saponifiable 
fraction. 


DISCUSSION 


The rapid drop in the specific activity of plasma cholesterol, similar in 
both Cases 1 and 2, lasted for 13 to 20 days, and resembled curves published by 
Hellman and associates.? Calculations of turnover rate and pool size, however, 
were made from later portions of the disappearance curve. Utilizing the later 
interval, the half-times of 75 days in Case 1 and 69 days in Case 2 are substanti- 
ally slower than those obtained by Hellman and associates.”.* The difference 
undoubtedly results, as they predicted, from the use of curves of much longer 
duration. Their dominant slow rates of T14 equal to 15 to 25 days were obtained 
from cholesterol disappearance followed for about 30 days, whereas our data 
were obtained from slopes followed for 88 to 145 days or more. 

Our use of the later portion of the curve to determine half-time and pool size 
is based on the following considerations. Analysis of tissues obtained at post- 
mortem in Case 3 on the fifteenth day after infusion revealed that while the 
specific activity of liver cholesterol was approximately that of plasma, the 
specific activity of cholesterol obtained from other organs was less. Of par- 
ticular interest was the low specific activity of aortie cholesterol, including 
markedly atheromatous areas. It would thus appear that data obtained long 
after the fifteenth day of study are needed to describe an equilibrium state. 
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In Case 1, utilizing the slope between Days 82 and 145, the pool was estimated 
to be 79 Gm. This patient had initial hypercholesterolemia and showed a rise 
in plasma cholesterol from 500 to 630 mg. per 100 ml. during the interval used 
in the ealeulations. In Case 2, extrapolation of the slope from the thirty-seventh 
to eighty-eighth postinfusion day, to the time of infusion, yielded a ‘‘readily 
exchangeable’’ pool of cholesterol estimated to be 60 Gm. The estimates of 
body cholesterol pool in these patients are in the range of previous estimates 
of 100 to 150 mg. per 100 gram body weight,® or 85 Gm.,'° but less than the 210 
Gm. cited elsewhere.’*? Values of 25 to 30 Gm. previously reported by us" 
were derived from an analysis of the early portion of the disappearance curve 
and agreed well with those of LeRoy and associates. For the reasons indicated 
above, the cholesterol pool measured after this short interval represents only 
a fraction of the total exchangeable pool. 


The close agreement with other data in early disappearance rates and pool 
size indicates that the method of solution of cholesterol utilized in our studies 
did not influence the turnover or pool size. This is particularly important since 
special problems are presented by cholesterol because it is not readily soluble 
and is thus difficult to place in suitable solution for intravenous administration. 
After intravenous infusions of particulate suspensions, cholesterol is sequestered 
by the reticuloendothelial system.t* The present method with a nonionic deter- 
gent, yielded a ‘‘water clear’’ mixture of cholesterol. Whether such cholesterol 
is also taken up by reticuloendothelial cells is not known. However, the data 
given above indicate that the small amount of detergent did not substantially 
affect the long-term metabolism of cholesterol. A significant transient decrease 
in the plasma cholesterol level noted after the first infusion in Case 1 did not 
oceur during the second infusion when the patient was myxedematous. In the 
two patients with lower initial plasma cholesterol levels, no change in plasma 
concentration was noted after the infusion. In vitro studies in our laboratory 
have indicated that cholesterol in such a preparation rapidly becomes bound to 
protein after addition to plasma." , 


In myxedema, the disappearance curves of the infused labeled cholesterol 
became much slower. Since the fall in specific activity after equilibrium rep- 
resents the dilution of the labeled tracer by newly formed cholesterol, this slower 
disappearance in myxedema is consistent with a decreased rate of addition of 
new cholesterol. This is consistent with other data indicating decreased choles- 
terol synthesis in myxedema obtained by the feeding of C*-labeled acetate.” 
The hypercholesterolemia of myxedema must thus be due to an even greater 
decrease in disposition than in production. However, since the cholesterol level 
in myxedema does not continue to rise indefinitely, we must assume that eventu- 
ally a new equilibrium is established between synthesis and disposition. It is 
significant that despite the increase in serum cholesterol and the altered turn- 
over rate, the exchangeable body cholesterol in myxedema did not increase. 

The possibility has been suggested that the altered disposition is consequent 
to a change in fecal excretion of cholesterol and its products. The cumulative 
fecal radioactivity was similar in Cases 1 and 3. It increased in a straight-line 
fashion after 6 to 9 days, and then became progressively less. In contrast to 
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data’ obtained in rats, in which only about 10 per cent of the activity could 
be measured in the nonsaponifiable fraction, 15 to 42 per cent of the radioactivity 
in Case 3, and 25 to 60 per cent in Case 2 were found in the nonsaponifiable 
fraction, which includes cholesterol, dihydrocholesterol, and coprosterol. In a 
single published experiment’? upon a human with a biliary fistula, 40 per cent 
of an intravenous dose of cholesterol was excreted from the body in a 50 hour 
period; 98.5 per cent of this amount was found in the bile; 90 per cent of the 
biliary activity was as bile acid. However, a second note recently published** 
confirms that in man 72 per cent of the stool radioactivity was in the unsaponifi- 
able fraction, of which 80 per cent was digitonin precipitable, whereas only 
about 15 per cent was recovered in the bile acid fraction. 

In Case 1, the exeretion was also studied after the induction of myxedema. 
During the first 5 days, a much larger amount of C'* was exereted in the stool, 
24 per cent in myxedema compared to 9 per cent in euthyroidism. Thereafter, 
the C™ excretion in the two metabolic states was quite similar. Again in myxe- 
dema, significant radioactivity was found in both the saponifiable and non- 
saponifiable fractions. However, no increase of radioactivity was found in the 
nonsaponifiable fraction. This is in contrast to studies in dogs, suggesting that 
the development of hypothyroidism blocks the conversion of cholesterol to bile 
acids.’® Thus, further studies of cholesterol metabolism in myxedema in humans 
are required to elucidate the specific pathways. 

Following the C™ cholesterol infusion, there was a rapid rise in the specific 
activity of the red blood cell cholesterol which became equal to that of plasma in 
about 20 hours and thereafter fell at a rate parallel to that of the S. A. of plasma 
free cholesterol. This is in good agreement with other data indicating rapid 
exchange of red blood cell with plasma cholesterol?” 74 and is further evidence 
that the method of solubilizing cholesterol has not influenced its biochemical role. 
The specific activity of plasma cholesterol esters rose somewhat more slowly and 
reached the §.A. of free cholesterol at approximately 3.6 days. Thereafter the 
S.A. of both fell at parallel rates, the S.A. of the esters being always a little 
greater. These data are quite similar to data on cholesterol metabolism obtained 
by feeding C™ acetate and tritium labeled cholesterol.” 2? 

The data describing the rate of red blood cell equilibration and the rate of 
appearance of labeled esters obtained when Cases 1 and 2 had become myx- 
edematous does not permit precise comparison with that of the euthyroid state. 
It suggests that there is not much difference in the rate of equilibration of red 
blood cell with plasma cholesterol but that the appearance of labeled cholesterol 
esters is slower in myxedema. 


SUMMARY 


1. C**-labeled cholesterol was infused intravenously into 3 euthyroid patients 
and the plasma, red blood eell, and stool radioactivity were measured. In 2 
patients, studies were repeated after the induction of myxedema with radio- 
active iodine. 

2. The initial rapid drop in specific activity of plasma-free cholesterol 
blended into sueceeding slower phases and ultimately into a long slow slope with 
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a half-life of 75 and 69 days in two eases. Following the induction of myxedema, 
the half-time of the slope of similar portions of the C** disappearance curve 
increased to 164 and 118 days, respectively. 

3. Beginning shortly after the infusion, there was a rise in the calculated 
specifie activity of the plasma esterified cholesterol which reached the level of 
the free cholesterol between the third and fifth days. Thereafter, they fell in 


parallel fashion. In myxedema, there was delay in the formation of labeled 
esterified cholesterol. 


4. The specific activity of red blood cell free cholesterol increased rapidly 
and reached a peak within 16 hours after infusion. No change was noted in 
myxedema. 

5. The ‘‘exchangeable cholesterol pool’’ was estimated by the principle of 
isotope dilution after extrapolation of the long slow slope of the C™ disappear- 
ance curve back to the time of infusion. It was found to be 60 and 79 Gm. in 
the two eases, and no change was noted in myxedema. 

6. One patient died on the fifteenth day after infusion. Cholesterol specific 
activity of tissue obtained at postmortem was determined. Highest specific 
activity was found in liver, the only tissue in equilibrium with plasma. All other 
tissues had lower specifie activity. 

7. The data are consistent with the interpretation that in myxedema cho- 
lesterol disposition is decreased relatively to its rate of synthesis. 


APPENDIX 


For the values over 30 days, a straight-line regression of the log (cholesterol) on the 
time was fitted, using the standard method of least squares. The lines are as follows: 


Case 1.— 

P 1—Euthyroid y = 2.132 — .00411 t y=log (cholesterol). 

P 2—Myxedema y = 2.204 — .00249 t t = time in days. 

Case 2.— 

G 1—Euthyroid y = 2.211 — .00435 t 

G 2—Myxedema y = 2.272 — .00228 t 

The slopes and their standard errors are given below: 

Case 1.— b S.E. 

P 1—Euthyroid — .00411 + .00048 

P 2—Myxedema — 00249 + .00006 Based on values beyond 
Case 2.— 30 days. 

G 1—Euthyroid — .00435 + .00046 

G 2—Myxedema — .00228 + .00013 

Comparisons of slopes: 

G6 i-P i — 00435 + .00411 = — .00024 + .00066 not significant 
G 2-P 2 - 00228 + .00249— .00021+ .00014 not significant 
G 1—G 2 and P 1-P 2 are clearly significantly different. 

Conclusions.— 


For both patients, the rate of decline in log cholesterol per day was 
significantly less steep in hypothyroidism (State No. 2) than in the euthyroid 
(State No. 1) (using data for 30 days and over). The rates did not differ 
significantly between the two patients. 
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We are indebted for this analysis to Professor William G. Cochran, Department of 
Statistics, Harvard University, Cambridge, Mass. 
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MEASUREMENT OF LECITHINASE A IN SERUM AND OTHER 
BODY FLUIDS 


LESLIE ZIEVE, M.D., AND WILLIAM C. VOGEL, M.S. 
MINNEAPOLIS, MINN. 


Lecithinase A, a pancreatic enzyme that converts lecithin to lysolecithin, 
has been measured by a method which simply involves the quantitation of free 
fatty acids released after incubation of a lecithin substrate with the enzyme 
source. Bile salts, particularly sodiwm deoxycholate, and amino acids, par- 
ticularly glycine, augmented the enzyme’s action markedly. The accumulation 
of fatty acids, and various other substances such as calciwm, magnesium, oxalate, 
ether, and ethylenediaminetetraacetate inhibited the enzyme to varying degrees. 
Proof was provided that the fatty acids released from serwm were not the result 
of lipase activity, by showing the equivalence between fatty acids released and 
the molar conversion of lecithin to lysolecithin, as measured with quantitative 
silicic acid paper chromatography. Lipase action was inhibited by both the 
alkaline pH of the incubation system and the lecithin substrate present. Serwm 
values of lecithinase A im normal persons and in patients with a variety of 
diseases, except acute pancreatitis. varied between zero and 20 wnits per milliliter. 
As much as tenfold elevations « +e observed in patients with acute pancreatitis. 
Serial serum measwrements reflected the clinical course of the disease. In 
general, elevations of serum lecithinase A corresponded to increases in serwm 
amylase and lipase concentrations. However many deviations from perfect 
correlations among these three enzymes in serum were observed. Very marked 
discrepancies in concentrations of these enzymes were observed, in the absence 
of pancreatic disease, in individual samples of pancreatic juice, bile, and 
duodenal contents, the significance of which remains to be explored. 


| baer caigesps A is an enzyme that splits one fatty acid off the phospholipid, 
lecithin, to form lysolecithin, in which the fatty acid group is replaced by a 
hydroxyl group (Fig. 1). As long ago as 1877, Bokay' observed that a pan- 
ereatic ferment acted upon lecithin to break it down into three components. 
In 1936 Gronchi? demonstrated the presence of lecithinase A in pancreas, and 
was able to separate it from other pancreatic enzymes by its remarkable heat 
stability. Many other workers before Gronchi had studied lecithinases in snake 
venom as well as in tissues’; however, none had supplied as satisfactory a demon- 
stration of the presence of lecithinase in tissues.* After the work of Gronchi, 
there were many studies of the chemical properties of various lecithinases.*° 
However these enzymes have not been studied in the human, and a practical 
clinical measure of them has not been available. 

Recently we demonstrated the presence of lecithinase A in duodenal con- 


tents of man and described a method for measuring the enzyme that lends itself 
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to clinical application.® In the present report we show the applicability of the 
method to the measurement of lecithinase A in blood serum and indicate the 
values found in various diseases, particularly acute pancreatitis. 


TABLE I. ENZYMATIC CONVERSION OF LECITHIN TO LYSOLECITHIN SHOWING EQUIVALENCE 
BETWEEN Fatty AcIDS RELEASED AND MOLAR CONVERSION OF LECITHIN TO LYSOLECITHIN 











AFA ALLe ALe 

ENZYME SOURCE wEq pMP uMP 
Control 1 0.3 1.0 (0.3) 
Control 2 0.6 0.9 1.4 
Duodenal fluid 1 27.5 27.0 26.5 
Duodenal fluid 2 29.9 29.8 28.8 
Duodenal fluid 3 29.6 28.4 27.7 
Duodenal fluid 4 29.6 29.3 31.0 
Duodenal fluid 5 29.4 29.5 29.8 





3uffer (controls) or duodenal drainages were incubated for 18 hours at 55° C. with the 
substrate described in text. AFA: fatty acids released. ALLe: lysolecithin formed. ALe: de- 
crease in lecithin. Phospholipids expressed in terms of phosphorus content. Parentheses in- 
dicate a change in the opposite direction to that expected. 


Gtip-0-E-Re CH,-0-C-R, 
Lecithinase A 1 
CH-O-C-R,, ~—<_— CH-OH + R,,-C-OH 
| 9 
CHt2-0-F-OC gHa-NICHS) CHly-0-P-06 2H, NCH), 
OH OH OH OH 
Lecithin Lysolecithin Fatty Acid 


Fig. 1.— Equation of conversion of lecithin to lysolecithin. Subscripts uw and s indicate un- 
saturated and saturated fatty acids, respectively. 


LECITHINASE A IN DUODENAL CONTENTS 


The incubation system involved for measuring the enzyme consisted of a buffer 
diluent, substrate, and enzyme source. The diluent was a solution of 0.1 molar glycine in 
0.05 molar borate buffer, pH 8.45. The substrate contained 25 mg. (31.1 uM) lecithin and 
20 mg. (48.2 4M) sodium deoxycholate dissolved in 4.0 ml. glycine borate buffer. One 
milliliter of the enzyme source (duodenal contents diluted 1:25) mixed with 1.0 ml. of 
glycine borate buffer was preheated at 55° C. for 30 minutes, then incubation continued 
at 55° C. for one hour. The activity of the enzyme, lecithinase A, was obtained by simply 
measuring the fatty acids released from lecithin, since it was shown by the use of silicic 
acid paper chromatography that the molar conversion of lecithin to lysolecithin is ac- 
companied by the release of an equivalent of fatty acids (Table I). The reaction rate 
in the incubation mixture decreased when approximately one half the lecithin was metabolized. 
Therefore, measurements in excess of this were repeated at another dilution. One unit of 
enzyme activity represented the conversion of 0.0001 yM of lecithin per minute per milliliter of 
enzyme source, times a factor of 104 introduced to eliminate decimals. Values in duodenal 
contents generally fall in the range of 10,000 to 100,000 units per milliliter. 


The reasons for arriving at the conditions outlined as well as the various 
methods of preparing the pure reference phospholipids, processing the lipid 
extracts, performing the chromatography, and measuring the free fatty acids 
have been deseribed.°® 


Fig. 2 shows the action of lecithinase A in snake venom, duodenal drainage, 
and bile. Fig. 2, A is the chromatogram before and B after treatment with 
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Fig. 2.—Action of lecithinase A from snake venom, duodenal contents, and bile on egg 
phospholipids. Above 1 is a reference of three pure egg phospholipids: lecithin (Le), sphingo- 
myelin (Sp), and lysolecithin (LLe). Above 2 through 7 are the results of incubating 5.0 ml. 
one egg yolk emulsified with water to a volume of 100 ml.; plus, respectively, at 2, 1.0 ml. 
water as a control, 3, 1.0 ml. water containing 1.0 mg. cobra venom, 4, 1.0 ml. normal duodenal 
contents, 5, 1.0 ml. duodenal contents from a patient with mild pancreatic insufficiency, 6, 
1.0 ml. normal T tube bile, and 7, 1.0 ml. of a foul, infected T tube bile. After a 2 hour in- 
cubation at 37° C., 1.0 ml. of each reaction mixture was added to 4.0 ml. ethanol ether 
(3:1 v/v), heated, and centrifuged. Each supernatant (100 ul) was applied at the appro- 
priate origin for chromatography. The chromatogram is shown above as stained with rhodamine 
G, and below after the additional application of ninhydrin reagent to bring out the cephalin 
(Ce) and lysocephalin (LCe) (phosphatidylethanolamine and lysophosphatidylethanolamine) 
spots. At the top of the chromatograms, near the solvent front, are various unseparated lipids 
such as cholesterol, triglycerides, and fatty acids. (Time exposure photographs taken under 
ultraviolet illumination. ) 
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ninhydrin to identify the cephalin compounds more clearly. Lecithinase A acts 
on both lecithin and the cephalins (in this instance phosphatidylethanolamine) 
and for this reason is also ealled phospholipase A. The pure reference com- 
pounds, lecithin, sphingomyelin, and lysolecithin, are shown above 1, and the 
phosphatides in egg yolk alone above 2. The results after incubating snake 
venom with the egg yolk are shown above 3, where it is evident that the lecithin 
and cephalin have been almost entirely converted to lysolecithin and _lyso- 
cephalin. Above 4 and 5 are shown, respectively, the results of incubating egg 
yolk with duodenal contents from a patient with normal pancreatic function and 
a patient with mild chronic relapsing pancreatitis. The normal duodenal con- 
tents show partial conversion of lecithin and cephalin to lysolecithin and lyso- 
ecephalin. The duodenal contents deficient in pancreatic secretion show much 
less evidence of lecithinase A activity, there being only slight conversion of 
lecithin and cephalin to their lyso derivatives. 


TABLE II. CONCENTRATIONS OF LECITHINASE A COMPARED WITH THOSE OF AMYLASE AND 
LIPASE IN VARIOUS SOURCES 














AMYLASE* LIPASE LECITHINASE A 
(UNITS/GM. | (UNITS/GM. (UNITS/GM. 

SOURCE OR ML.) OR ML.) OR ML.) COMMENTS 
Pancreas 1 2,114 57,790 111,830 Postmortem 
Pancreas 2 2,889 78,950 108,330 Postmortem 
Pancreatic juice 1t 155 0 2,500 Chronic pancreatitis 
Pancreatic juice 2t 542 1,650 4,200 Chronic pancreatitis 
Duodenal contents 1 254 449 33,220 Fasting 
Duodenal contents 2 356 60 24,619 Fasting 
Duodenal contents 3 708 9 23,335 Fasting 
Bile 1 5 15 13 T tube 
Bile 2 0.3 1 + T tube 
Bile 3 2 280 33 T tube 
Bile 4 1,119 29 82,600 T tube, foul, 


infectedt 





*Average normal concentration in serum 1 unit per milliliter. 
+Obtained through kindness of Dr. Alan Thal. 
{Clostridium perfringens, E. Coli, hemolytic streptococcus. 


Above 6 and 7 are shown the results of incubating egg yolk with two speci- 
mens of human liver bile obtained from draining T tubes. The bile of 6 was 
essentially normal and shows no lecithinase A activity in the chromatogram. 
The bile of 7 was very foul smelling and turbid, and Clostridium perfringens 
was cultured from it. It shows much lecithinase A activity with almost com- 
plete breakdown of the lecithin and cephalin to their lyso derivatives. Quantita- 
tion showed 82,600 units per milliliter of enzyme activity. This association of 
lecithinase A with C. perfringens, which is known to produce lecithinase D, has 
not to our knowledge been observed previously, and requires further work to 
determine its significance. 


The importance of bile salts, and in particular sodium deoxycholate, in 
enhancing the activity of the enzyme in the quantitative procedure was shown 
by incubating various concentrations of bile salts with the standard amount of 
lecithin in the borate buffer. Approximately a twenty-five fold increase in 
activity resulted when sodium deoxycholate in the range of 15 to 25 mg. was 
added to the incubation system. Smaller and larger amounts were less effective. 
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Various amino acids also enhanced the activity of the enzyme though not as 
markedly as did the bile salt. Of these, glycine was most effeetive, so it was 
incorporated into the buffer. The optimum pH of the glycine borate buffer was 
found to be 8.4 to 8.5. <Aetivity of the enzyme was only minimal in phosphate 
buffer, pH 7.0, that generally used in the past. Lecithinase A is very resistant 
to heat. Temperatures up to 80° ©. failed to diminish its activity appreciably. 
The optimal activity was at 50° to 60° C. Beeause lipase is destroyed at 55° C., 
and lecithinase B or lysolecithinase at even lower temperatures, this temperature 
was selected for preheating the enzyme source to destroy these other enzymes 
and as the incubation temperature. 

Various substances inhibited the enzyme’s action. Oleic acid, one of the 
reaction products, was markedly inhibitory at a coneentration (16 »M) which is 
present when one half the lecithin in the incubation system has been hydrolyzed. 
At this concentration the enzyme action was approximately one third its usual 
level. lLiysolecithin, the other reaction product, was not inhibitory. It had a 
slight augmenting effect. Calcium, magnesium, oxalate, and diethyl ether in- 
hibited the enzyme slightly, whereas ethylenediaminetetraacetate (EDTA) al- 
most completely abolished its activity. The latter effect of EDTA was probably 
not related to its chelating property, since first saturating it with caleium did 
not alter the inhibition. 

Illustrative values of lecithinase A concentration in human duodenal con- 
tents, pancreas, pancreatic juice, and bile are given in Table II. For com- 
parison, amylase and lipase concentrations in the same samples are also listed. 
Amylase determinations were by the method of Van Loon and co-workers’; lipase 
determinations were by a modification of the method of Tietz and associates*® in 
which fatty acids released during a 3 hour incubation period were measured by 
the method of Dole.® Some interesting correspondences and discrepancies among 
the three enzymes are evident. 


ADAPTATION TO SERUM 


Procedure.—The procedure for serum is similar to that for duodenal contents except 
that the serum is not diluted before analysis and the incubation is continued for 18 hours 
before the released fatty acids are titrated. A unit of enzyme activity again represents the 
conversion of 0.0001 wM of lecithin per minute per milliliter source, in this case serum. 
A factor of 104 is again introduced to eliminate decimals. Values in normal and abnormal 
sera typically range between zero and 200 units per milliliter. Values obtained when buffer 
is used in place of serum do not generally exceed 4 units per milliliter. The units in serum 
are comparable to those in duodenal contents, though the magnitude of activity is naturally 
quite different. 

Proof That Fatty Acids Released During Incubation Are Not the Result 
of Lipase Activity—Sinee serum contains significant and sometimes large 
amounts of triglycerides, and pancreatic lipase is likely to be present in sig- 
nificant amounts when lecithinase A is present, it is necessary to destroy or 
inhibit the action of lipase in the system used for measuring lecithinase activity 
and to establish that the fatty acids being measured are coming from the lecithin 
substrate. We have already demonstrated in duodenal drainage that the fatty 
acids titrated were accounted for by the lecithin lost and the lysolecithin formed, 
as determined chromatographically. 
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Table L11 shows the effect of pH on the fatty acids released in excess of the 
amount accountable for by the shift of lecithin to lysolecithin as measured by 


chromatography. In experiment 1, with serum as the source of triglycerides 


TABLE III. INHIBITION of LIPASE ACTION IN LECITHINASE A INCUBATION SYSTEM 























| PH 7.20 | pH 845 | 
| Ara | ALLe | Ate | Ara | Atte ALe 
EXPERIMENT* | #Eq | pwMe | wMp | pEq | pwMPp | pMP 
1. Buffer, serum, duodenal 29.4 42 @=©=——COost—“‘it SK CHSCs 
contents—no deoxycholate (26.0) ( 36) 
2. Buffer, serum, duodenal con- 28.3 1.3 1.3 5.3 1.2 1.5 
tents—deoxycholate added 27.0) ( 3.9) 
3. Substrate, serum, duodenal 15.3 9.7 10.6 19.7 17.3 20.1 
contents ( 5.2) ( 1.6) 
4. Substrate, buffer, duodenal 3.3 6.0 8.1 15.9 13.4 15.2 
contents (0 ) ( 1.6) 





AFA: fatty acids released in incubation mixture. ALLe: lysolecithin formed. ALe: de- 
crease in lecithin. Values in parentheses are the fatty acids released in excess of those at- 
tributable to the lecithin-lysolecithin shift as determined chromatographically (average of ALe 
and ALLe subtracted from AFA). 

*All experiments used the same dilution of duodenal aspirate in glycine borate buffer, pH 
7.20 or 8.45, and the same serum pool which contained 2,197 mg. triglyceride and 774 mg. 
lecithin per 100 ml. The total volume of each incubation mixture was 7.0 ml. of which 1.0 ml. 
was diluted duodenal aspirate, 1.0 ml. serum (or buffer in experiment 4), and 5.0 ml. buffer 
which contained 20 mg. sodium deoxycholate in experiment 2 and 20 mg. sodium deoxycholate 
plus 25 mg. egg lecithin (the standard substrate) in experiments 3 and 4. Incubations were at 
37° C. for 80 minutes. 


and lecithin, and duodenal drainage as the source of lipase and lecithinase A, 
it is evident that, at pH 7.2, a large excess of fatty acids (26.0 »Eq) beyond that 
attributable to lecithinase A activity is found. This is presumably due to lipase 
action. At pH 8.45 in this incubation system this lipase action is, allowing for 
errors of measurement, abolished. So in this buffer, pH alone, in the absence 
of heating, can inhibit lipase activity. However, heating ensures the destruction 
of this enzyme and also the elimination of lecithinase B. The result was essen. 
tially similar when sodium deoxycholate was present, as shown in experiment 2. 
though at pH 8.45 there is slight evidence of lipase action. When the buffer 
alone is replaced by the substrate (lecithin plus deoxycholate in buffer) used in 
the quantitative lecithinase procedure (experiment 3), there is a marked in- 
hibition of lipase activity at pH 7.2 which must be attributed to the presence 
of lecithin. Again at pH 8.45 there is no lipase action. Omitting the serum 
(experiment 4) eliminates the substrate (triglyceride) for lipase action so at 
pH 7.2 all of the fatty acids released are accounted for by the lecithin-lysolecithin 
shift. 

In the presence of an excess of both triglycerides and lipase the lecithinase 
A test procedure measures essentially fatty acids derived from the lecithin sub- 
strate provided, as shown in Fig. 3. Serum from a hyperlipemie patient (tri- 
elyecerides 3,700 mg. per cent and phospholipids 1,350 mg. per cent) was mixed 
1:1 with serum from a patient with acute pancreatitis (amylase 1,300 U. per 
100 ml., lipase 215 U. per milliliter), diluted with borate buffer, pH 8.40, and 
ineubated at 38° C. before and after heating and before and after adding 
duodenal contents as an enriched source of enzymes. The close proportionality 
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Mixed Lipemic + Pancreatitis Serums 
Incubation with Substrate at 38°C 
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Fig. 3.—Correspondence in the lecithinase A test system between fatty acids released and 
molar conversion of lecithin to lysolecithin in the presence of an excess of triglycerides and 
of lipase. The substrate in all tests consisted of 25 mg. egg lecithin plus 25 mg. sodium de- 
oxycholate in 4.0 ml. of 0.05M potassium borate buffer, pH 8.40, with no glycine added. 
Aliquots added for incubation consisted of 1.0 ml. high triglyceride serum, 1.0 ml. high lipase 
serum, and 3.0 ml. buffer. In the first experiment (open symbols) one aliquot was heated 30 
minutes at 60° C. and the other was not heated. Then incubations with substrate at 38° ? 
were followed for 4, 10%, and 20% hours. The second experiment (closed symbols) was 
similar except that duodenal drainage, as a rich source of enzymes, was incorporated in_ the 
buffer, and the incubations were followed for %, 114, and 4 hours. Results are expressed as 
microequivalents or micromoles phosphorus per milliliter of incubation mixture. 
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between fatty acids released and lysolecithin formed as well as lecithin lost 
under the various conditions listed precludes lipase action on triglycerides as a 
source of fatty acids measured. 


TABLE IV. CORRESPONDENCE BETWEEN FatTry AcipS RELEASED AND MOLAR CONVERSION OF 
LECITHIN TO LYSOLECITHIN IN SEVERAL INDIVIDUAL SERA 











AFA ALLe ALe 

SERA pEq uMp puMp 

Control 1 0.1 0.3 (0.9) 
Control 2 0.2 (0.1) (0.1) 
Normal serum i 0.3 0.1 (2.0) * 
Normal serum 2 1.0 0.3 (2.5) * 

-ancreatitis cases: 

SA 750 U./100 ml. 12.3 10.9 12.8 

SA 1,353 U./100 ml. oO 16.4 18.9 

SA 1,470 U./100 ml. 15.1 13.9 13.8 
SA 1,300 U./100 ml. 8.9 7.8 6.2* 





*Experimental errors greater than usual. SA: serum amylase. 


The standard system as described in the text was used. Controls consisted of buffer in 
place of serum. Parentheses indicate a change in the opposite direction to that expected. 


TABLE V. SERUM LECITHINASE A VALUES IN VARIOUS DISEASES 











NO. OF RANGE OF VALUES MEAN 
DISEASE CASES U./ML. ) (U./ML. ) 
Normal 18 4—16 10 
Portal cirrhosis 14 1—16 7 
Fatty cirrhosis with lipemia 6 1—8 5 
Obstructive jaundice 2 3—8 — 
Viral hepatitis 2 1—4 — 
Ulcerative colitis 3 3—9 — 
Acute glomerulonephritis 2 12—15 —_ 
Nephrosis 2 0—8 -— 
Rheumatoid arthritis 3 0—3 noe 
Gout 2 3—8 —- 
Hyperthyroidism 3 1—10 —_ 
Diabetes mellitus with lipemia 3 3—8 _— 
Leukemia 4 4—7 — 
Lymphoblastoma 3 2—5 — 
Metastatic malignancy 3 1—6 _ 
Miscellaneous Individual Patients.— 
Value Value 

Acromegaly 7 Lupus erythematosus 8 
Hypopituitarism 10 Henoch-Schonlein purpura 8 
Myxedema 13 Acute tubular necrosis 7 
Hyperparathyroidism 6 Diffuse ileitis ] 
Pernicious anemia 0 Acute cholecystitis 12 
Aplastic anemia 6 Hereditary telangiectasia 4 
Agranulocytosis 1 Sarcoidosis 4 
Polyeythemia vera 7 Pulmonary emboli 17 
Multiple myeloma 12 Mastoiditis with lipemia 0 
Mycosis fungoides 4 Aleoholism with lipemia 1 





This demonstration of the correlation between fatty acids released and the 
lecithin-lysolecithin shift was repeated under the precise conditions of the final 
test procedure, utilizing individual pancreatitis sera as a source of enzymes. 
The results are given in Table IV, and show a reasonable correspondence be- 
tween the fatty acid titration figures and the chromatographic analyses. 
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Lecithinase A Values in Normal Serum and in a Variety of Diseases—The 
‘ange of values for lecithinase A observed in eighteen normal subjects working 
in our laboratories, men and women, young and old, was 4 to 16 units per milli- 
liter with a mean of 10 units per milliliter. For the present, we have arbitrarily 
set 20 units per milliliter as our normal limit. In a wide variety of illnesses 
sereened, the serum lecithinase 4 was normal as shown in Table V. Slight 
variations in values were observed that require larger groups for definitive 
evaluation. For example lipemic patients tended to have very low values. 
However, only patients with acute pancreatitis had striking changes in the 
serum lecithinase A. 


TABLE VI. SeERIAL SERUM ENZYME VALUES IN A PATIENT WITH ACUTE PANCREATITIS AND 
PSEUDOCYST FORMATION 








AMYLASE 





(u./100 ML.) LIPASE LECITHINASE A 
(NORMAL LIMIT* (U./ML. ) (U./ML. ) 
DATE DAY 200) (NORMAL LIMIT* 30) | (NORMAL LIMIT 20) 
5-19 + 1,353 280 196 
6-23 8 1,470 330 156 
6-30 15 1,132 256 194 
7-2 39 516 119 108 





*The normal limit for amylase is based upon an analysis previously reported.” The 
normal limit for this lipase determination is based upon an analysis of 18 normal sera. The 


range of values was 4 to 22 units per milliliter, and the normal limit was arbitrarily set at 30 
units per milliliter. 


TABLE VII. SERIAL SERUM ENZYME VALUES IN A PATIENT WITH ACUTE PANCREATITIS 
AND ASCITES 











AMYLASE LIPASE LECITHINASE A 











| (u./100 ML.) (U./ML.) (U./ML.) 
DATE DAY (NORMAL LIMIT 200) | (NORMAL LIMIT 30) (NORMAL LIMIT 20) 

1-28 23 1,330 253 99 

2-11 38 1,300 215 82 

2-17 44 967 140 42 

2-21 48 648 98 24 

2-23 50 781 — 29 

3-20 75 157 35 27 
Ascitic fluid on 1-28 «24,440 2,812 2,183 





Lecithinase A Values in Pancreatitis—In Tables VI and VII are listed a 
few serial values of serum amylase, lipase, and lecithinase A in each of two pa- 
tients with acute pancreatitis. The analyses for each enzyme were performed 
at widely different times, the sera being kept frozen as long as 1 year. The 
sequence of changes in enzyme values as the patients improved were more or 
less parallel. The patient with a pseudocyst (Table VI) was followed through- 
out his course by frequent urine amylase determinations. These did not drop 
progressively but followed an undulating course. Urine amylase values on the 
four dates on which serum was studied were 2,530, 2,600, 3,120, and 423 units 
per hour, respectively. The highest urine amylase was 6,341 units per hour on 
July 1. By August 5 the urine amylase reached 176 units per hour and re- 
mained at normal levels. 

In the patient of Table VII, the enzymes again showed a parallel decrease 
with time. This patient was atypical clinically. Pain was.almost absent, but 
he appeared very ill with marked ascites and hypoalbuminemia. The ascitic 
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fluid contained 4.0 Gm. protein per 100 ml. He showed no improvement until 
he was transfused with large amounts of plasma (3,500 ml. whole blood and 
6,000 ml. plasma), after which improvement was rapid. His serum albumin 
rose from 2.3 Gm. per cent on Jan. 28 to 3.8 Gm. per cent on March 17 and 
4.0 Gm. per cent on April 30. The first serum amylase measured on Jan. 14 
was 2,125 U. per cent. In this patient the lecithinase A values were consistently 
lower than we have come to expect in relation to the amylase and lipase. This 
may have some significance with respect to his unusual clinical course. Very 
large amounts of all three enzymes were found in his ascitie fluid. His ascites 
persisted for a prolonged period and did not disappear until he was responding 
to the plasma transfusions. 
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7 10 15 20 25 30 35 40 45 
Days After Admission 


Fig. 4.—Serial serum enzyme values in a patient with acute pancreatitis and a pro- 
longed subacute course. The abnormality factor is the ratio of an observed value to the 
normal limit for that particular test. It provides a convenient scale for comparing the degree 
of abnormality of different measures in a given individual. 


TABLE VIII. SERIAL SERUM ENZYME VALUES IN A PATIENT WITH MILD ACUTE 
PANCREATITIS 























AMYLASE | LIPASE LECITHINASE A 
| (v./100 ML.} (U./ML.) (U./ML.) 
DATE DAY (NORMAL LIMIT 200) | (NORMAL LIMIT 30) (NORMAL LIMIT 20) 
6-3 3 484 25 59 
6-4 4 322 74 42 
6-5 5 256 48 31 
6-6 6 256 53 18 
6-8 8 277 62 14 
6-10 10 183 51 7 
6-13 13 120 29 4 
6-15 15 100 26 5 








Fig. 4 and Table VIII present serial enzyme values in two patients hos- 
pitalized very recently for acute pancreatitis. The sera were analyzed for all 
three enzymes within one or 2 weeks after the blood was drawn. The patient 
of Fig. 4 was a 36-year-old man with alcoholism who had had an episode of 
acute pancreatitis without much pain, but with massive prolonged ascites, 3 
years previously. The present episode was a recurrence without ascites. He 
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was never in great distress though there was evidence of an acute inflammation 
within the abdomen for a few days after admission. Thereafter his clinical 
course was subacute. His urinary amylase reached a peak level of 27,847 units 
per hour on the fifth day. On the twelfth, fourteenth, and twenty-third days 
values had dropped to 4,188, 2,520, and 710 units per hour, respectively. He 
had not vet reeovered on the forty-seventh day. 

The patient of Table VIII was a 30-year-old bartender with a recurrent 
episode of mild acute pancreatitis which followed a bout of drinking. He had 
severe abdominal pain, vomiting, and rebound tenderness for a few days, but 
improved rapidly. A similar episode had occurred 5 months previously. The 
highest urinary amylase was 7,280 units per hour on the first day. His leci- 
thinase A values were within the normal range by the sixth day. However, in 
relation to his own normal values, as judged by the enzyme concentrations re- 
corded for the fifteenth day, he showed a comparatively marked rise in leei- 
thinase A. 


TABLE IX. ISOLATED SERUM ENZYME VALUES IN VARIOUS PATIENTS WITH ACUTE 
PANCREATITIS* 











AMYLASE LIPASE LECITHINASE A 
(u./100 ML.) (U./ML. ) (U./ML. ) 
PATIENT | (NORMAL LIMIT 200) (NORMAL LIMIT 30) (NORMAL LIMIT 20) 
Doe 1,353 280 196 
Gib 1,330 253 99 
Ols: 2-12 1,199 261 221 
2-14 372 156 116 
Roen: 3-28 686 _— 48 
3-29 22 142 34 
Roep: 3-28 482 214 134 
3-29 407 155 56 
Bro: 1-3 350 57 155 
1-4 418 29 76 
1-1 413 47 151 
And 359 36 53 
Hol 459 65 47 
Tay 749 175 132 
Mas 304 83 55 
Hur 953 134 71 
Han 388 157 19 
Edm 290 96 28 
Nes 224 91 23 
Joh 215 71 22 








*Determinations were made at varying time intervals (up to 3 years) after the episode, 
ee ee Sas had been kept frozen. The individual enzymes were generally not run at 

In Table LX are listed the serum amylase, lipase, and lecithinase A values 
observed in a group of patient with acute pancreatitis. The sera had been kept 
frozen for variable lengths of time and the different enzymes were measured 
at different times as a rule, so an exaggerated variability is to be expected. The 
lecithinase A values are consistently elevated in acute pancreatitis and correlate 
reasonably well with the amylase and lipase values. Table X lists enzyme values 
observed in patients who had recently recovered from mild episodes of pan- 
creatitis. 

The data of Tables [IX and X have been plotted in Fig. 5 to show the inter- 
relationships among the three serum enzymes. Considering all the sources of 
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TABLE X. ISOLATED SERUM ENZYME VALUES IN VARIOUS PATIENTS AFTER RECOVERY FROM 
A MILD EPISODE OF PANCREATITIS* 














AMYLASE LIPASE | LECITHINASE A 
(u./100 ML.) (U./ML. ) (U./ML. ) 
PATIENT (NORMAL LIMIT 200) (NORMAL LIMIT 30) (NORMAL LIMIT 20) 
Hoi 156 32 AL 
Joh 82 13 20 
Sch 88 3 4 
Kir 48 7 4 
Ekb 152 4 9 
Kla — 23 2 
Toe 78 16 8 
Doy 135 27 13 
Gle 97 37 10 
Bor 111 9 7 


Thor 148 20 9 
Bau 111 36 
John — 18 
Gri 99 28 
Han: 7-10 186 45 

7-24 130 30 

8-4 97 21 


he 
Cowan, 





_ *Determinations were made at varying time intervals (up to 1 year) after the mild 
episode, using serum that had been kept frozen. The individual enzymes were generally not 
run at the same time. 
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Fig. 5.—Interrelationships among serum amylase, lipase, and lecithinase A. Linear correlations 


or the data of A, B, and C are 0.77, 0.75, and 0.88, respectively. 
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variability, the correlations portrayed are, we think, surprisingly high. When 
compared with their respective normal limits, lecithinase A and lipase coneen- 
trations, particularly the latter, tend to run relatively higher than amylase eon- 
centrations in patients with acute pancreatitis. 


COMMENTS 


Although lecithinase A was known to be present in panereas and pan- 
ereatie juice before the turn of the century it has been, essentially, ignored in 
clinical literature. It is generally omitted from tabulations of panecreatie en- 
zymes in diseussions of this subject, and its role in normal and abnormal states 
of panereatic, biliary and intestinal function is largely unknown. Its presence 
in the duodenum explains the rapid conversion of lecithin from bile to lyso- 
lecithin,‘ whose function in the gastrointestinal tract has: not been studied. 
The lack of a specific reasonably straightforward method for measuring the 
enzyme has probably been a deterrent to investigations in this area. We hope 
the relatively simple procedure described in this and the preceding article will 
be a stimulus to further work in this field. 

Serum elevations of the enzyme are associated with acute pancreatitis. 
The good, but not perfect, correlation with serum amylase and lipase was an- 
ticipated. Of special interest to us are the various deviations from perfect 
association, an understanding of which would be most interesting. Of the three 
enzymes correlated, the serum lipase is probably the most valuable single deter- 
mination to have, since, in relation to its own limit of normal, the values in the 
patients with pancreatitis tend to rise the highest. The special conditions under 
which one or the other of these enzymes is to be preferred cannot be determined 
from such a correlation plot of isolated values, but must await further serial 
studies in which all three are measured simultaneously. 

That these enzymes do not always parallel each other is evident in Table IIT 
where some marked discrepancies are seen. Pancreatic juice 1 from a patient 
with chronic pancreatitis contained no lipase when significant, though not large 
amounts of lecithinase A were present. Duodenal contents from a fasting sub- 
ject contained much more lecithinase A, proportionately, than either lipase or 
amylase. The typical ratio of lecithinase A to lipase in serum from a subject 
with pancreatitis was approximately 0.5 to 1.0, whereas in the three samples 
of duodenal contents from fasting subjects shown it varied between 74 and 2,591. 
The changing proportions of these enzymes under varying conditions of pan- 
creatie stimulation is being explored. In the infected bile the lecithinase A and 
amylase concentrations rose markedly, particularly the lecithinase A, whereas 
lipase did not. A few preliminary measurements in the dog suggest a striking 
species difference. Whereas the human pancreas contained relatively large 
amounts of lecithinase A compared to lipase and amylase, dog pancreas con- 
tained comparatively small amounts of lecithinase A (example: amylase 12,115, 
lipase 111,250, and lecithinase A 840 units per gram). An analysis of another 
dog’s pancreatic juice after secretin was similar (amylase 5,344, lipase 41,300, 
and lecithinase A 900 units per milliliter). It is evident that there is much to 
learn from simultaneous measurement of these enzymes in various tissues and 
fluids under varying experimental and pathologic conditions. 
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SUMMARY 


A method has been deseribed for measuring lecithinase A in serum and 
various other body fluids, which simply involves the measurement of free fatty 
acids released after incubation of a lecithin substrate with the enzyme souree. 
Proof was provided that the fatty acids released are not the result of lipase 
activity. Lipase action was inhibited by both the pH of the ineubation system 
and the lecithin substrate present. Serum values in normal persons and in 
patients with a variety of diseases, except acute pancreatitis, varied between 
zero and 20 units per milliliter. As much as tenfold elevations were observed 
in patients with acute pancreatitis. On the average, elevated serum lecithinase 
A values corresponded to increases in serum amylase and lipase concentrations. 
However, many deviations from perfect correlations among these three enzymes 
in serum were observed. Very marked discrepancies in concentrations of these 
enzymes were observed in individual samples of pancreatic juice, bile, and 
duodenal contents, the significance of which remains to be explored. 


REFERENCES 


1. Bokay, A.: Ueber die Verdaulichkeit des Nucleins und Lecithins, Ztschr. physiol. chem. 
1: 157, 1877. 


2. Gronchi, V.: Ricerche sulla lecithinase a del pancreas I and II, Sperimentale 90: 223 
and 262, 1936. 

3. Wittcoff, H.: The Phosphatides, New York, 1951, Reinhold Publishing Corporation. 

4. Dawson, R. M. C.: The Animal Phospholipids: Their Structure, Metabolism and Bio- 
logical Significance, Biol. Rev. 32: 188, 1957. 

5. Zeller, E. A.: Enzymes as Essential Components of Bacterial and Animal Toxins, in 


Sumner, J. B., and Myrback, K., editors: The Enzymes, New York, 1951, Academic 
Press, Inc., vol. 1, p. 986. 
6. Vogel, W. C., and Zieve, L.: A Lecithinase A in Duodenal Contents of Man, J. Clin. 
Invest. 39: 1295, 1960. 
. Van Loon, E. J., Likins, M. R., and Seger, A. J.: Photometric Method for Blood Amylase 
by Use of Starch-Iodine Color, Am. J. Clin. Path. 22: 1134, 1952. 
8. Tietz, N. W., Borden, T., and Stepleton, J. D.: An Improved Method for the Deter- 
mination of Lipase in Serum, Am. J. Clin. Path. 31: 148, 1959. 
9. Dole, V. P.: <A Relation Between Non-esterified Fatty Acids in Plasma and the Me- 
tabolism of Glucose, J. Clin. Invest. 35: 150, 1956. 
10. Saxon, E. I., Hinkley, W. C., Vogel, W. C., and Zieve, L.: Comparative Value of Serum 
and Urinary Amylase in the Diagnosis of Acute Pancreatitis, Arch. Int. Med. 99: 
607, 1957. 
11. Borgstrom, B.: Studies of the Phospholipids of Human Bile and Small Intestinal Con- 
tent, Acta chem. scandinav. 11: 749, 1957. 


~ 



































OSMOLARITY OF GASTRIC SECRETIONS IN 
SICKLEMIC INDIVIDUALS 


Curis J. D. ZARAFONETIS, M.D., RoSALINE R. Joseru, M.D., 
Joun D. McMaster, M.D., anp JoHN P. Kauas, M.D. 
PHILADELPHIA, Pa. 


Previous studies have demonstrated a defect in the renal concentrating 
mechanism of sicklemic individuals. To determine whether this defect repre- 
sented part of a@ more generalized hypo-osmolarity of body fluids, gastric 
analyses were performed on specimens from a group of patients with sickle cell 
hemoglobin and from appropriate control subjects. It was found that the mazi- 
mum osmolarity of the gastric secretions of sickle cell patients compared 
favorably with that of the control subjects. Moreover, the volwme and free 
and total acid secretion were normal. The latter findings are contrary to expecta- 
tions based on earlier literature. 


T WAS discovered in this laboratory that an inability to concentrate urine 

normally is not only a feature of sickle cell anemia but is also present in a 
great majority of individuals who manifest the trait for sickling.’ * This ob- 
servation has been amply confirmed by others.*»* It appears that hyposthenuria 
is not dependent on the simultaneous occurrence of anemia, but is associated 
with the presence of sickle cell hemoglobin, and can be traced through several 
generations of families which exhibit the sickling phenomenon. On the basis of 
appropriate studies, the defect was localized in the kidneys, was characterized 
as physiologic or metabolic in nature, and believed to be inherited as part of 
the over-all picture of the sicklemic state.?, Such an interpretation would serve 
to broaden the genetic concept of this entity to encompass more than the 
hemoglobinopathy alone. With this hypothesis in mind, additional studies of 
sicklemie persons were undertaken. The present report deals with one aspect 
of these studies, that is, an evaluation of the osmolarity of the gastric secretions 
of subjects with this disorder. The purpose of this study was to determine 
whether these individuals exhibit a generalized hypo-osmolarice state, of which 
the renal defect may be only one manifestation. In addition, incidental findings 
referable to certain other aspects of gastrie secretory activity in sicklemic in- 
dividuals will be presented. 


MATERIALS AND METHODS 


Patient Material.—Twenty-five individuals whose erythrocytes sickled in one or more 
of 4 tests for this phenomenon were selected for study. On the basis of clinical, hematologic, 
and electrophoretic evidence, there were 10 cases of sickle cell anemia (SS), 13 of sickle 
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cell trait (SA), and 2 of combined sickle cell trait and hemoglobin C trait (SC). There 
were fifteen males and ten females, ranging in age from 13 to 65 years. All of the subjects 
were Negroes. For this reason controls consisted of 3 groups, that is, ten Negroes who did 
not manifest sickle cell hemoglobin (AA), eleven white subjects (AA), and six Negroes 
with hemoglobin C trait (CA). None of the control subjects had clinical or laboratory 
evidence of disease of the upper gastrointestinal tract. 

Laboratory Studies——Each patient had a complete hematologic evaluation as in pre- 
vious studies.2 In addition, urinalyses and 18 hour urine concentration tests were performed 
in almost every instance. Gastric analysis was done after a 15 hour overnight fast which 
included deprivation of water as well as other fluids. The prcecedure followed was a conven- 
tional one: After the fasting gastric contents were aspirated, the patient was given 50 mg. 
3-beta-aminoethylpyrazole dihydrochloride* subcutaneously, and the secretions were collected 
at 15 minutes, 30 minutes, 45 minutes, and 1 hour. Volume, pH, free and total acid, and 
osmolarity were determined on all specimens. Osmolarity was measured by freezing point 
depression. Representative samples were also tested for pepsin activity by the Mett tube 
coagulated egg albumin method. 


RESULTS 


The volume, pH, free and total acid, and osmolarity of the gastric secretions 
obtained from the subjects tested in this study are given in Table I. Pepsin 
activity was normal in those instances where examination for this function 
was made. 

DISCUSSION 

It is well known that gastric secretory activity exhibits great variability 
and that the aspiration of gastric contents is a relatively unreliable sampling 
technique.° Nevertheless, the procedure for gastric analysis as employed in 
this study has yielded much valuable clinical information® and is in conven- 
tional use in many laboratories. It is believed, therefore, that the gastric 
analyses performed on sicklemie individuals in the course of this study permit 
several observations to be made. First, there is a good volume output of 
gastric juice after 3-beta-aminoethylpyrazole dihydrochloride stimulation. Sece- 
ond, there is excellent acid secretion, with the lowest pH readings ranging 
from 2.4 to 1.1. Third, the maximum osmolar concentration of the gastric 
secretions from these subjects was found to range from 202 to 342 mOsm. 
per liter. This compares favorably with the maximum concentrations found 
in the normal control groups, both Negro and white, and in the Negroes with 
hemoglobin C trait (CA). The osmolarity values of the gastric secretions of 
these human subjects are similar to those reported in tests on dog gastrie juice 
by Gilman and Cowgill’ and by Thull and Rehm.’ Fourth, pepsin activity of 
the gastric juice of sicklemic patients was grossly normal. 

It seems clear from the foregoing findings that sicklemic individuals have 
no osmolarity defect of gastric secretion comparable to that present in the 
kidneys. Moreover, the acid secretion, volume, and pepsin activity are normal, 
contrary to expectations on the basis of statements in the literature. Indeed, 
the general conclusion of Margolies® after his comprehensive review of sickle 
cell anemia was that patients with this disorder have hypochlorhydria. Jones 


*Histalog. 








602 ZARAFONETIS ET AL. J. Lab. & Clin. Med. 
April, 1961 


TABLE I. GASTRIC SECRETION FINDINGS BEFORE AND AFTER 











| TOTAL 1 HR. 




















| FASTING VOLUME VOLUME MAXIMUM pH MINIMUM pH 
TEST GROUP | MEAN | RANGE MEAN | RANGE MEAN | RANGE MEAN | RANGE 

SS 30.5 8-65 117.1 36-267 4.03 1.8-8.0 1.35 1.1-2.4 
(10 patients) 

SA 25.6 3-60 116 45-157 3.57 1.3-7.5 LET 1.0-1.5 
(13 patients) 

sc — 40, 75t — 45, 180+ ~- 2.2, 5.6t — 1.2, 1.44 
(2 patients) 

AA 54.7 5-120 90.3 32-250 3.63 1.8-7.5 1.3 1.1-2.1 
(11 white) 

AL 33.3 7-120 141.5 68-285 6.03 2.3-7.9 1.4 1.1-2.1 
(10 Negro) 

CA 33.7 8-65 136 44-240 2.5 1.6-3.2 1.4 1.1-2.1 


(6 patients) 








*Ewald meal, one patient. 

yActual values. 
and co-workers’® reported the finding of an active duodenal ulcer at necropsy 
of a patient with sickle cell anemia. Gastric analysis had not been performed 
on this patient prior to death, but the authors commented on ‘‘the commonly 
observed hypochlorhydria’’ in patients with sickle cell trait. This statement 
appears to have been based on a single gastric analysis reported by Alden in 
1927. The latter studied an 18-year-old man with sickle cell anemia and 
found the gastrie contents to contain 16 units of free hydrochloric acid and 43 
units total acidity after an Ewald test meal. ‘‘Marked hypochlorhydria’’ was 
found during the examination of another patient with sickle cell anemia who 
also had roentgenographie evidence of duodenal ulcer. We could find recorded 
results of gastric analyses in no sicklemie patients other than those cited. In 
this connection, attention should also be drawn to the discussion of sickle cell 
anemia by Sydenstricker before the Southern Medical Association in 1923. He 
made the following statement, without presenting supportive laboratory data, 
**. . . The fact these patients have achylia is interesting. We all know the 
frequency with which achylia is associated with anemia. - The gastric symptoms 
which we have associated with the splenic hemorrhages and infarets which occur 
in this disease may be due to achylia in some eases... .”’ 

Thus, in contrast to the foregoing references, the findings of the present 
study reveal that patients with sickle cell anemia and sickle cell trait generally 
have normal gastric secretory responses. This is not to imply that occasionally 
a patient with this hemoglobinopathy cannot exhibit hypochlorhydria, achlor- 
hydria, or achylia gastrica. However, it should be evident that the occurrence 
of one of these forms of gastric dysfunction would be the exception rather than 
the rule as suggested by the earlier literature. 


SUMMARY 


Gastric analysis employing Histalog stimulation was performed in ten 
patients with sickle cell anemia (SS), thirteen with sickle cell trait (SA), two 
with combined sickle cell and hemoglobin C trait (SC), and suitable Negro 
and white control subjects. 
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[1ISTALOG STIMULATION IN SICKLEMIC AND D Nonsic KLEMIC SUBJECTS 


“MAXIMUM - 








| MINIMUM | FREEACID | TOTAL ACID. | - 
OSMOLARITY | OSMOLARITY | (FASTING, | (FASTING, FREE ACID TOTAL ACID 
(mOsm./L.) (mOsm. /L.) | UNITS) | UNITS) (1 HR., UNITS) (1 HR., UNITS) 
sta saae't 


MEAN | RANGE |MEAN| RANGE 


MEAN |RANGE| MEAN | RANGE | MEAN | RANGE | MEAN | RANGE 
276.7 202-342 150 100-286 11.1 0-30 27.2 5-50 195 20*-350 266.6 85*-400 











255.5 223-307 213 117-275 13.5 0-70 27.7 5-85 224.6 130-460 270.8 175-495 


— 214,229 — 193,203t — 0,5t — 15, 20t — 160, 160t 


— 225, 270t 
260 204-312 192 130-239 8.7 0-30 24.5 5-50 218 85-290 298.6 160-375 
247.9 187-284 175 126-228 35 (1) 13.5 5-50 153.6 30-295 239.2 77-360 


260.2 191-294 181 135-217 14.2 0-35 27.5 15-50 235.8 120-335 275.5 155-360 





There was detected no osmolarity defect of the gastric secretions of sicklemic 
individuals. 

The volume output, free and total acid secretion, pH, and pepsin activity 
of the gastric aspirates from the sicklemic patients were comparable to the test 
results of nonsicklemie normal control subjects. 

It is concluded that, contrary to earlier literature, patients with sickle cell 
hemoglobin usually have normal gastric secretory responses. 
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PRECIPITATION REACTIONS IN AGAR IN NORTH AMERICAN 
BLASTOMYCOSIS 


Rosert 8. ABERNATHY, M.D., Pu.D., ANnp Douauas C. HErner, M.D.* 
LirrLE Rock, ARK. 


With the use of the technique of double diffusion in agar, serum precipitins 
to Blastomyces dermatitidis antigens were demonstrated in fourteen of twenty- 
two patients with North American blastomycosis. In some patients no precipitins 
could be demonstrated after therapy, while in others precipitins were present 
although there was no apparent active infection. Correlation with complement 
fixation reactions was generally good; however, discordant results were observed 
in four individuals. Precipitin reactions with heterologous fungal antigens oc- 
curred im only four patients and all contained a Histoplasma capsulatum antigen 
important in eliciting dermal hypersensitivity in histoplasmosis. It is likely that 
these precipitins were stimulated by prior skin testing with histoplasmin in indi- 
viduals with previously acquired but healed histoplasmosis and that they had no 
relation to the blastomycosis. Precipitins to blastomyces antigens were also 
found in the sera of some patients with histoplasmosis and coccidioidomycosis. 
Such precipitins could readily be shown to be cross-reacting antibodies stimulated 
by antigens common to Blastomyces dermatitidis, Histoplasma capsulatum, and 
Coccidioides immitis and were easily distinguishable from the specific antibodies 
found in blastomycosis. Because this technique allowed the demonstration of 
specific blastomyces antibodies, it was helpful in clarifying confusing complement- 
fixation tests, which in these patients gave cross-reactions with histoplasma 
antigens. 


HE laboratory diagnosis of North American blastomycosis is not always 

easily established. In the absence of cultural isolation of Blastomyces 
dermatitidis, a satisfactory presumptive diagnosis may be made by identification 
of the typical yeast phase of B. dermatitidis in body fluids, exudates, or 
tissue sections.’ However, it is reported that on occasions large forms of Histo- 
plasma capsulatum, endospores of Coccidioides immitis and noneneapsulated 
Cryptococcus neoformans may resemble B. dermatitidis.®: ** 1° 1% Immunologie 
reactions have been of less certain value in the establishment of the diagnosis 
when cultures are not positive. Skin tests are frequently negative during active 
infection.?» * Serologic reactions are also of somewhat limited value. Comple- 
ment-fixation reactions (CFR) have been most widely used but are often 


negative in 30 to 50 per cent of patients with blastomycosis.* '* Other serologic 
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reactions, including precipitin reactions" '* and agglutination of either collodion 
particles’ ** or sheep erythrocytes’? coated with blastomyces antigens, have 
been less satisfactory. In addition to the relatively low incidence of positive 
reactions, the interpretation of these reactions, particularly the complement- 
fixation reactions, may be complicated by the occurrence of both eross re- 
actions with blastomyces antigens in patients with histoplasmosis or coecidioido- 
mycosis’ '? 1214 and, conversely, cross reactions with either histoplasma or 
coccidioides antigens in patients with blastomycosis.’ '” 

The limitations of the previously available serologic reactions in the es- 
tablishment of diagnosis of blastomyecosis prompted a study of precipitation 
reactions in agar gel in this disease. The potential value of this study was sug- 
gested by the results of a previous investigation which involved a modified 
Ouchterlony technique in the study of sera from patients with histoplasmosis.°® 
It was found that specific antibodies for H. capsulatum could be identified; 
this allowed a more specific presumptive serologic diagnosis and also clarified 
problems of cross-reactions and false-positive complement-fixation reaction with 
heterologous fungal antigens. Sera from patients with culturally proved histo- 
plasmosis usually contained at least 2 specific precipitins for histoplasma anti- 
gens: One, designated m (mycelial), could be stimulated by skin testing with 
mycelial antigens even in healthy individuals with previously developed dermal 
hypersensitivity ;* 7° the other h (histoplasmosis) was usually found only in 
patients with active histoplasmosis. In addition, the sera of some patients 
containéd a nonspecific precipitin labeled c (common) since it gave reactions of 
identity with antigens common to H. capsulatum, B. dermatitidis, and C. immitis. 


The studies to be presented give results of precipitation reactions in agar 
in patients with North American blastomyeosis and show that this technique 
aids not only in the establishment of diagnosis but also in the elimination of 
confusing cross-reactions encountered with other serologic methods. 


MATERIALS AND METHODS 


Sera from twenty-two patients with North American blastomycosis were studied.* The 
diagnosis in these patients was established by culture in seventeen individuals and by identifi- 
cation of the typical yeast phase of B. dermatitidis in biopsies or smears in five patients. 
Seventeen of the patients had multiple-system involvement, but four had infection limited to 
the lungs and one individual had cutaneous disease only. Dermal hypersensitivity to blasto- 
mycin was demonstrated in only three of the eighteen patients tested. In addition to these 
patients with known blastomycosis, precipitin reactions against blastomyces antigens were 
done with sera from fifty-one healthy house staff personnel, 144 hospitalized patients suspected 
of having either blastomycosis or another fungal disease, and thirty-nine patients who had 
another mycosis (28 cases of histoplasmosis and 11 of coccidioidomycosist). Reactions with 
other fungal antigens were also tested with these sera and with sera from 1,616 additional 
patients suspected of a systemic mycosis. 


Antigens used in the tests were prepared from the mycelial phase growth of the various 
fungi (B. dermatitidis, H. capsulatum, and C. immitis) by a previously described technique.® 
Several different preparations were made from various strains of B. dermatitidis. Compara- 


*Dr. A. H. Tuttle, University of Tennessee, sent serum from one patient. 


+Sera were received from Dr. C. E. Smith, University of California, and from Walter 
Reed Army Institute for Medical Research. 
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tive studies showed significant variation in reactivity of these preparations. Accordingly, the 
results reported here are those obtained with the use of either of the three preparations found 
to have greatest reactivity. 

The techniques of the determination of precipitation by diffusion in agar were of two 
types. The majority of reactions were performed in Petri dishes containing agar as described 
previously.2 A few sera were tested in agar on microscopic slides, using the methods described 
by Wadsworth? and Crowle.t In general, results were the same with either method, but 
slight variations were occasionally found. The results recorded here include a positive re- 
action by either method. 


RESULTS 

Precipitins to antigens of Blastomyces dermatitidis were found in four- 
teen of the twenty-two patients with blastomyeosis (Table I). Some sera gave 
multiple precipitin bands; others formed only one. In some contrast to the 
results in histoplasmosis, no common precipitin systems have been consistently 
observed as vet. In addition, no precipitin bands bearing any relation to 
application of blastomyein skin tests were noted, even in the patients with 
dermal hypersensitivity. Only three sueh patients were available; one had 
preecipitins when first tested but the other two failed to demonstrate any pre- 
eipitin bands despite repeated skin tests. 


TABLE I. PReEcIPITIN TESTS IN AGAR GEL AND COMPLEMENT-FIXATION REACTIONS IN 
BLASTOMYCOSIS 





PRECIPITINS COMPLEMENT-FIXATION 














STAGE OF | NO. OF | NO. | NO. | NO. OF NO. NO. 
DISEASE PATIENTS | POSITIVE | NEGATIVE | PATIENTS POSITIVE | NEGATIVE 
Active 16 11 5 24 16 8 
After therapy 9* 5 | ot ] 4 
Unknown 3 1 2 
All patients 22 14 8 24 16 8 





*Six patients were also tested before therapy. 
+Five patients were also tested before therapy. 


Correlations between the precipitin and complement-fixation reaction in 
various stages of disease activity are summarized in Table I. The group of 
patients in whom the complement-fixation reaction was done includes seventeen 
of the patients having precipitin tests and an additional seven individuals 
not tested for precipitins. It is seen that in active infections both the pre- 
cipitin reaction and the complement-fixation reaction were positive in approxi- 
mately two thirds of the cases. In some patients serologic tests were done at 
various intervals after completion of therapy with hydroxystilbamidine or 
amphotericin B. Four patients with initially positive precipitin reactions gave 
negative reactions when tested after therapy at intervals of 2 weeks, 3 months, 4 
months, and 1 year, respectively, with the latter individual maintaining a positive 
reaction for 10 months before becoming negative. All of these patients had no 
apparently clinically active infection when retested. Four other patients 
(two initially positive and two not tested before therapy) maintained a positive 
precipitin reaction for intervals ranging from 13 to 30 months after therapy. 
Two of these had no apparent active infection, but the other two suffered 
clinieal relapses. A final patient was tested only at 10 months after therapy, 
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and gave a negative precipitin reaction. With the ecomplement-fixation reaction, 
five patients, all with initially positive reactions, were retested after therapy 
when complete healing had occurred. Four reverted to negative, while one 
maintained a positive complement-fixation reaction of 1:8 for over 1 year. 

A more precise comparison between the precipitin reaction and complement- 
fixation reaction was possible in seventeen patients in whom the two tests were 
done on aliquots of the same serum sample. The results of these simultaneous 
tests are shown in Table II. The correlation between the two procedures was 
generally good, with similar results in thirteen of the seventeen patients. 
However, two patients gave positive precipitin reactions but negative comple- 
ment-fixation reactions, while conversely, two other individuals had a positive 
complement-fixation reaction but a negative precipitin reaction. 


TABLE II. COMPARISON OF SEROLOGIC REACTIONS PERFORMED SIMULTANEOUSLY IN SEVENTEEN 
PATIENTS WITH BLASTOMYCOSIS 


REACTIONS 
Positive Precipitin.— 
Positive CFR* 10 
Negative CFR 2 
Negative Precipitin.— 
Positive CFR 
Negative CFR 


*Complement fixation reaction. 





NO. OF PATIENTS 








Ww bo 











TABLE IIT. PRECIPITIN REACTIONS TO CRUDE ANTIGENS OF BLASTOMYCES DERMATITIDIS, 
' HISTOPLASMA CAPSULATUM, AND COCCIDIOIDES IMMITIS 








| | "PATIENTS WITH PRECIPITINS 

















| ; SPECIFIC BANDS | © BANDS 
NO. OF | H. CAPSULATUM | (COMMON 
PATIENTS | B. DERMA- | | TO ALL 
DIAGNOSIS | ‘TESTED TITIDIS M H | C. IMMITIS| THREE) 
Normal subjects: perio 
Before skin tests 51 0 0 0 0 0 
After histoplasmin 
skin tests: 
Positive skin test 21 0 20 1 0 0 
Negative skin test 30 0 Q* 0 0 0 
Blastomyeosis: 
All patients 22 14 4 0 0 0 
Patients with positive 
histoplasmin skin 
tests 10 5 f 0 0 0 
Histoplasmosis 28 0 27 24 0 7 
Coecidioidomyecosis 1] 0 0 0 10 } 
Suspected mycosis 1,760+ lf 380 109 Of 10 





*Two developed a low titer of circulating antibody in response to repeated negative skin 
tests. 


+All sera were tested for antibodies to antigens of H. capsulatum, including ¢c antigens. 
Since most requests were for studies of antibodies to H. capsulatum, only 144 suspects 
were tested for specific antibodies to B. dermatitidis and C. immitis. 


Reactions of the sera from patients with blastomycosis to antigens from 
the heterologous fungi JT. capsulatum and C. immitis were also tested; these 
are summarized in Table III. Speeifie precipitins to 7. capsulatum antigens 
were found in four individuals with blastomyeosis. These four all had dermal 
hypersensitivity to histoplasmin and had had histoplasmin skin tests applied 
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prior to the tests for precipitins. All of the precipitin bands were of the m 
type and presumably reflected the stimulation of m antibody from the skin 
testing, an occurrence noted after the skin testing in 20 of 21 normal controls 
with skin sensitivity to histoplasmin.’” No precipitin bands of the h type were 
found with histoplasma antigens, and there were no reactions to antigens of 
C. immitis. Similarly, no precipitin bands of the c type (i.e., to common anti- 
gens shared by all three fungi) were observed in blastomycosis. 

Another problem of concern was to determine the incidence of reactions 
to antigens from B. dermatitidis in other diseases (Table III). Here it is 
necessary to separate reactions for antigens specific to B. dermatitidis from re- 
actions to antigens also present in other fungi (c precipitin reaction). This 
was done by causing the test serum to react simultaneously against crude anti- 
gen concentrates prepared from at least two different fungi, each known to 
contain significant amounts of c antigens. Reactions with blastomyces antigens 
were negative in fifty-one healthy control subjects and in 143 patients suspected 
of having a mycotic disease. A specific blastomyces precipitin reaction was 
found in only one patient without proved blastomyecosis; this individual was 
clinically considered to have primary atypical pneumonia, having high titers 
of cold agglutinins and no cultural evidence of blastomyecosis. All other re- 
actions to blastomyces antigens were of the c type and were found predominantly 
in patients with either histoplasmosis or coccidioidomycosis. This nonspecific 
type of precipitin reaction with various fungal antigens has been found in 
twenty-one of 1,821 individuals who had either proved or suspected mycosis 
(Table III). The distribution of c reactions in these patients has been as 
follows: Seven oceurred in twenty-eight patients with culturally proved 
histoplasmosis, 4 in eleven patients with coecidioidomycosis (three were selected 
beeause of cross-reactions by complement-fixation reaction), and the remainder 
in patients suspected of a mycotie infection but in whom no cultural diagnosis 
could be made. In none of the latter was there evidence of blastomycosis. 


TABLE IV. CONFUSING IMMUNOLOGIC REACTIONS IN PATIENTS WITH PROVED BLASTOMYCOSIS 














REACTIONS TO ANTIGENS FROM REACTIONS TO ANTIGENS FROM 
H. CAPSULATUM B. DERMATITIDIS 

PATIENT =| SKIN TEST | COMP. FIX. | PRECIPITIN | SKIN TEST | COMP. FIX. | PRECIPITIN 
D. L. + 1:128 0 0 0 + 
oe . 1:16 0 0 0 + 

i 8 0 1:32 0 0 1:32 + 

A. B. + 1:32 M+ 0 1:16 + 
J.C. 1:32 M+ 0 1:16 0 





Some instances in which precipitation reactions in agar assisted in the 
interpretation of complement-fixation reaction results are shown in Table IV. 
These patients all might have been suspected of having histoplasmosis according 
to the complement-fixation reaction results. Four showed specifie antibodies to 
B. dermatitidis, allowing the correct diagnosis by Ouchterlony’s technique. Two 
had specifie m antibodies to H. capsulatum resulting from recent strongly positive 
skin tests to histoplasmin. There was no apparent explanation for the high 
complement-fixation reaction titer to histoplasmin in Patient D. L., but it 
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should be mentioned that it is very unusual for a serum to have both a high 
titer by complement-fixation reaction and negative precipitin tests as did this 
one. Negative precipitins to histoplasma antigens in Patients P. H., D. L., and 
I. H. may be considered strong evidence against the diagnosis of histoplasmosis. 
In no patient was an h band found. 


DISCUSSION 


As with any serologie procedure, the clinical usefulness of the demonstration 
of antibodies in patients with North American blastomycosis by the agar- 
diffusion technique depends on the specificity and sensitivity of the reaction. 
Precipitins specific for B. dermatitidis antigens were found in only one of 144 
patients without proved blastomycosis. This must be considered a false- 
positive reaction, even though it occurred in a patient with primary atypical 
pneumonia, a syndrome whose etiology may be variable. Although precipitins 
to blastomyces antigens could be found in some patients with histoplasmosis 
or coccidioidomycosis, in each instance these could easily be shown to be reac- 
tions to antigens common to B. dermatitidis, H. capsulatum, and C. immitis by 
simultaneous testing with antigens from all three fungi. The sensitivity of the 
precipitin reaction equaled that of the complement-fixation reaction in this 
relatively small group of patients, with agreement of the two tests in 77 per 
cent of the 17 patients tested. Neither test proved superior, since two patients 
had a positive precipitin reaction but a negative complement-fixation reaction, 
while two others had a negative precipitin reaction but a positive complement- 
fixation reaction. This experience suggests that both tests be used whenever 
possible. The explanation for the more frequently negative serologic reactions 
of any type in blastomycosis than in either histoplasmosis or coecidioidomycosis 
is not readily apparent. 

In addition to demonstrating antibodies in some patients with negative 
complement-fixation reactions, agar-diffusion precipitation offers other ad- 
vantages over the complement-fixation reactions. Dilemmas posed by confusing 
cross-reacting complement-fixation reactions (primarily with histoplasma anti- 
gens in blastomycosis) may be resolved by this technique, since it permits the 
identification of antibodies specific for each fungus. Some of the positive 
histoplasma complement-fixation reactions in these patients with blastomycosis 
were undoubtedly stimulated by skin tests with histoplasmin in individuals 
previously sensitized® 1*; the demonstration of the m type of histoplasma 
precipitins confirms such an interpretation. Additional advantages of the pre- 
cipitin reaction include greater simplicity of technique and independence from 
the anticomplementary nature of some sera. 

The relative infrequenecy of precipitin reactions to heterologous fungal 
antigens in blastomycosis is of interest. Such reactions occurred only with a 
histoplasma antigen important in eliciting dermal hypersensitivity. Since 
these patients resided in an area highly endemic for histoplasmosis, where 
45 to 55 per cent of the population have positive histoplasmin skin tests,° 
it is reasonable to attribute the observed immunologic responses to histoplasma 
antigens to previous infection with H. capsulatum rather than to eross-sensitivity 
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to histoplasma antigens developing in blastomyeosis. Similar interpretations 
have been made by Harris and co-authors... The absence of cross-reacting 
precipitins of the ¢ type in blastomyeosis is not readily explained but may reflect 
low in vivo production of the antigens shared by all three fungi or a decreased 
reactivity to these common antigens in blastomyeosis as contrasted to histo- 
plasmosis and ecoccidioidomycosis. 

Finally, from these patients may be drawn some impressions concerning 
the interpretation of a positive agar-diffusion precipitin reaction with 
B. dermatitidis antigens. A specific blastomyeces reaction is strong evidence 
for active or recently active blastomycosis and in the proper clinical setting 
probably constitutes sufficient presumptive evidence for the diagnosis of blasto- 
mycosis. On the other hand, a cross-reacting precipitin band suggests the 
likelihood of either histoplasmosis or coecidioidomyeosis. Further observations, 
however, will be necessary to confirm these initial findings. 


SUMMARY 


1. Using the technique of precipitation in agar gel, serum precipitins to 
Blastomyces dermatitidis were demonstrated in fourteen of twenty-two patients 
with blastomyeosis. Correlation with complement-fixation reactions was good, 
but four of seventeen patients so tested gave discrepant results. 


2. Precipitins to the heterologous fungi Histoplasma capsulatum and Coc- 
cidioides immitis occurred in only four patients, and all were to a Histoplasma 
capsulatum antigen. Such antibodies were most likely stimulated by prior 
histoplasmin skin testing in individuals with healed histoplasmosis. 


3. Precipitins reacting with common antigens from Blastomyces derma- 
titidis, Histoplasma capsulatum, and Coccidioides immitis were found in some 
patients with histoplasmosis and coecidioidomyeosis but not in those with blasto- 
mycosis. These cross-reacting precipitins could readily be distinguished from 
the specific blastomyces antibodies in blastomyecotie sera. 
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THE STABILITY OF THE PLASMA HEMOGLOBIN LEVEL 
IN THE NORMAL HUMAN SUBJECT* 


H. Cuapuin, Jr., M.D., M. Casseii, B.S., anp G. E. Hanks, M.D. 
Str. Louis, Mo. 


A method for blood collection which reduces artifactual hemolysis to a 
minimum has recently been developed in our laboratory. The benzidine method 
for hemoglobin measurement has been modified to permit accurate quantitation 
of hemoglobin concentrations in the range 0.2 to 2.0 mg. per 100 ml. It has been 
established that the plasma hemoglobin concentrations for normal ambulatory 
subjects fall in the range 0.16 to 0.58 mg. per 100 ml. (mean, 0.31 mg.) 

A variety of factors which might possibly alter the plasma hemoglobin 
levels in normal subjects have been investigated. Sleep, ordinary activity, diet, 
marked induced hyperlipemia, menstruation, labor and parturition, induced fever, 
circulatory stasis in the occluded extremity, and increased blood flow in response 
to nicotinic acid and adrenalin failed to provoke hemoglobin concentrations 
outside of the normal range. The only factor which caused an alteration in the 
level of circulating plasma heme pigments was strenuous exercise. Moderate 
periods of exercise by medical student volunteers were associated with elevations 
to 3 to 5 times the mean normal level; prolonged violent exercise (by trained 
college and professional athletes) resulted in five to thirty fold rises above the 
normal mean for heme pigment concentrations. These findings constitute es- 
sential background information against which to evaluate plasma hemoglobin 
concentrations in pathologic hemolytic states. 


E HAVE recently described a method for blood sampling which minimizes 

artifactual hemolysis incident to blood collection. In addition, the benzi- 
dine method for hemoglobin measurement has been further modified to increase 
its sensitivity tenfold.t Study of twenty-five normal adult subjects revealed a 
mean value for plasma hemoglobin concentration of 0.31 mg. per 100 ml. (range, 
0.16 to 0.58), which agrees well with preliminary observations recently reported 
by Hartmann and Auditore? and which is one tenth of the previously accepted 
normal value.* There has thus been established a new frame of reference 
within which to re-evaluate subtle factors which might influence the plasma 
hemoglobin concentration in a variety of hemolytic states. 

Before the newly developed technical methods are extended to clinical in- 
vestigations, it is important to be aware of any factors in the normal human 
environment which might cause major fluctuations in the concentration of 
hemoglobin in the circulating plasma. Accordingly, the present investigation 
was undertaken to study plasma hemoglobin levels in normal subjects under 
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a variety of ordinary and induced environmental conditions. The results indi- 
eate a remarkable stability of plasma hemoglobin concentration, with values 
remaining consistently within the normal range except after extraordinary 
physical stress. 


METHODS 


Blood collections and plasma hemoglobin measurement were carried out exactly as 
previously described.1 When multiple samples were required from a single subject over the 
course of 1 to 2 hours (e.g., as in the study illustrated in Fig. 2), the blood was collected 
from an indwelling 15 gauge needle kept open by a slow drip (1.5 ml. per minute) of saline 
that contained heparin in a concentration of 1 unit per milliliter. Standard methods were 
employed for performing white blood cell counts and for measuring pulse and blood pressure. 
Recordings of body temperature, for the study illustrated in Fig. 3, were made with a 
Telethermometer,* employing an indwelling rectal probe. 
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Fig. 1.—Effect of vascular stasis in the occluded upper extremity of a normal volunteer. 
When no further blood could be obtained by free flow, two more 8 ml. samples were obtained 
by _ inflation of a second blood pressure cuff applied to the forearm. Thereafter, the second 
cuff was deflated and the upper arm cuff pressure was lowered to mid-pulse pressure, after 
which the two final samples were obtained. There was no significant effect on the volunteer's 
plasma hemoglobin concentration. In this and subsequent figures the diagonally hatched area 
represents the normal range of plasma hemoglobin concentration (0.16 to 0.58 mg. per 100 ml.). 


RESULTS 

Effects of Local Circulatory Stasis—The importance of circulatory stasis 
in the extremity from which the blood was collected was studied in detail. 
A blood pressure cuff was placed around the upper arm and inflated midway 
between systolic and diastolic pressure for 1 minute, to allow considerable 
venous congestion to develop in the forearm. The cuff was then further inflated 
above systolic pressure and vascular occlusion was maintained for a total of 
10 minutes. Blood was then collected in 8 ml. aliquots as long as it would 
flow freely. Further collection was then accomplished by inflating a second 
euff on the occluded forearm to foree blood out from the deeper vessels; after 
this, the pressure in the upper cuff was reduced to near diastolic levels and 
further collections of deep ‘‘wash out’’ blood were made. A typical result is 
shown in Fig. 1. It is evident that the plasma hemoglobin concentration was 
not provoked outside of the normal range by the considerable degree of stasis, 
and there is no evidence of any important difference in the effect of stasis on 


*The Yellow Springs Instrument Co., Inc. 
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the blood in the large and small vessels deep in the tissues as compared to blood 
in the superficial veins. Similar studies were carried out with the occluded 
forearm immersed for 8 minutes in a water bath as hot as the volunteer could 
tolerate (i.e., between 46° and 47° C.) and essentially similar results were 
obtained. Identical studies on the occluded forearm which was subjected to 
continuous agitation with a mechanical vibrator, in order to assure continuous 
jostling of the red cells throughout the period of stasis, also gave negative 
results. 
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_Fig. 2.—Effect of epinephrine. Objective evidence of epinephrine effect included tachy- 
cardia, widened pulse pressure, and leukocytosis. There was no change in the volunteer’s 
plasma hemoglobin concentration. 


Effects of More Rapid Circulation of Blood.—The effects of increasing the 
eardiae output above the normal base-line level in the resting subject were 
studied by obtaining multiple blood samples after injections of epinephrine 
(Fig. 2). After suitable control values had been obtained, 0.4 ml. of 1:1000 
epinephrine was injected subcutaneously, with a subsequent rise in pulse and 
widening of pulse pressure, but without effect on plasma hemoglobin concen- 
tration. A second injection of 0.6 ml. of ephinephrine provoked a further in- 
crease in heart rate and pulse pressure, with a substantial leukocytosis of 17,500, 
but without significant rise in plasma hemoglobin concentration. 

On another occasion the effect of increased capillary blood flow was studied 
by obtaining multiple samples after the intravenous injection of nicotinic 
acid. Although the volunteer subject experienced a sense of forceful heartbeat 
and noted a burning sensation of the skin, accompanied by marked generalized 


flushing, the plasma hemoglobin concentration showed no change from the pre- 
injection base-line level. 


Effect of Induced Fever.—Measurements of plasma hemoglobin concen- 
tration were made on a volunteer subject who remained for 38 minutes in a 
steam cabinet at 120° F. The results are shown in Fig. 3. .A continuous record 
of body temperature revealed a relatively slow initial rise followed by a more 
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abrupt rise in the final 27 minutes, with the expected coincident rise in heart 
rate and with profuse perspiration which resulted in a weight loss of 31% 
pounds. The study had to be terminated at the end of 38 minutes because of 
the onset of severe generalized muscle cramps. It can be seen that the plasma 
hemoglobin value at the height of the subject’s reaction was not significantly 
elevated above the control value. 
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Fig. 3.—Effect of induced fever. Constant temperature recordings were made employing 
an indwelling rectal probe. The volunteer took no salt supplement prior to the study, per- 
spired profusely, with an acute 3% pound weight loss, and had sudden onset of severe gen- 
eralized cramps after 38 minutes in the steam cabinet. There was no change in the volunteer’s 
plasma hemoglobin concentration. 


TABLE I. MISCELLANEOUS OBSERVATIONS ON PLASMA HEMOGLOBIN CONCENTRATIONS IN NORMAL 

















SUBJECTS 
PLASMA HEMOGLOBIN CONCENTRATION 
NO. OF (mG./100 ML.) 
SUBJECTS | OBSERVATIONS MEAN | RANGE 
Ambulatory males 20 0.32 0.16-0.58 
Sleeping males 10 0.30 0.20-0.57 
Ambulatory females 5 0.30 0.16-0.45 
During menstruation 2 0.46 0.42-0.50 
Women at parturition 2 0.39 0.30-0.60 
After electroconvulsive shock therapy 4 0.58 0.25-1.00 
Induced alimentary hyperlipemia 4 0.47 0.30-0.70 





Miscellaneous Observations.—No attempt was made to carry out an extensive 
systematic investigation of the countless variables that constitute the normal hu- 
man environment. However, pertinent data collected in the course of diverse 
studies have been assembled in Table I and further substantiate the concept that 
the plasma hemoglobin concentration shows very little variation under a variety 
of circumstances in the normal human subject. Random values obtained for 
twenty men during the course of ordinary daily activities were indistinguishable 
from values obtained for ten medical students whose slumber was interrupted 
by venipunctures in the predawn hours. The plasma hemoglobin concentrations 
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in women did not differ significantly from those in men and were apparently 
unaffected by menstruation or by the exertions of labor and parturition. The 
sudden, brief violent neuromuscular and circulatory hyperactivity induced by 
electroconvulsive shock therapy failed to provoke elevation of the plasma hemo- 
globin concentration outside of the normal range for three of four psychiatric 
patients ; a minimal elevation was obtained for the fourth patient and may have 
represented technical artifact related to the considerable difficulty of carrying 
out a satisfactory blood collection in the restless, unconscious postictal subject. 
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Fig. 4.—Effect of moderate exercise. The four subjects were medical student volunteers 
who were out of training for athletic activity at the time of the study. The exercise con- 
sisted of a hard 10 minute run. Plasma hemoglobin concentrations rose three- to sixfold 
above the control values and returned to within normal limits over the ensuing half hour. 


In the course of numerous observations on fasting and nonfasting subjects there 
has been no apparent important effect of ordinary diet. Since the red cells 
in lipemie blood samples are known to exhibit increased mechanical fragility 
by in vitro tests, a number of plasma hemoglobin determinations were made on 
ambulatory volunteer subjects 3 to 5 hours after the ingestion of 1 pint of 
40 per cent butterfat cream. Marked alimentary hyperlipemia was achieved by 
this means, but no important effect on the plasma hemoglobin values was observed. 

Effects of Exercise—Fig. 4 illustrates the effects of ten minutes of hard 
running on the plasma hemoglobin concentrations of four medical student 
volunteers. Maximum elevations to 3 to 6 times the mean normal value were 
observed immediately upon completion of the exercise, with a return to within 
normal limits over the ensuing 30 to 40 minutes. The effects of more prolonged 
and more strenuous exercise were studied in a group of basketball players, 
from whom blood samples were drawn within 2 minutes of completion of a 
game. Four of the six subjects were college athletes, the other two were mem- 
bers of the St. Louis Hawks professional basketball team. In Fig. 5 the results 
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of plasma hemoglobin determinations on these six subjects are compared with 
the peak values shown in Fig. 4 and with values for normal ambulatory sub- 
jects. The mean plasma hemoglobin concentration after prolonged strenuous 
exercise was 6 mg. per 100 ml., which represents an approximate twentyfold 
increase above the mean value of 0.31 mg. per 100 ml. for normal ambulatory 
subjects. 
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Fig. 5.—Effects of exertion. The values in the center column are the peak values shown 
in Fig. 4. The basketball players were trained athletes who had played a full game. Blood 
samples were drawn within 2 minutes of completion of the contest and plasma hemoglobin 
values were elevated five to thirty fold above the mean normal value of 0.31 mg. per 100 ml. 


DISCUSSION 


In an earlier publication,! we showed that the plasma hemoglobin concen- 
tration was stable in the individual normal subject; it varied less than 0.2 mg. 
per 100 ml. over a 2 hour period of continuous observation and less than 0.3 
mg. per 100 ml. in random samples obtained over a 10 month period. The obser- 
rations in the present report provide further evidence of the stability of the 
plasma hemoglobin level (1) in individual normal subjects, even under periods of 
stress (Figs. 2 and 3), and (2) in a wide variety of normal subjects under di- 
verse environmental conditions (Table I). Admittedly, the number of obser- 
vations to date is small and the findings will require extensive verification 
before definitive conclusions can be drawn. However, the evidence at hand 
certainly suggests that factors in the everyday environment are unlikely to 
provoke the normal subject’s plasma hemoglobin concentration outside of the 
normal range. 

The only circumstances under which elevations in plasma hemoglobin con- 
centration were consistently observed was after exercise, and then only if the 
exertion was strenuous and prolonged (Fig. 5). It may be that the pigment 
being measured in the plasma under these circumstances is myoglobin rather 











618 CHAPLIN, CASSELL, AND HANKS J. Lab. & Clin. Med. 
than hemoglobin. At plasma concentrations of only 5 mg. per 100 ml., it is 
difficult to distinguish clearly between these two pigments by measuring absorp- 
tion spectra, even of the carboxy compounds. Immunologic identification may 
prove helpful, but could well be inconclusive if the plasma contains a mixture 
of hemoglobin and myoglobin. Garby and Noyes® have recently presented a 
mathematical model which satisfies the plasma disappearance curves they ob- 
tained after induced hemoglobinemia in the range of 10 to 200 mg. per 100 ml. 
The disappearance data illustrated in Fig. 4 appear to fit Garby’s model closely,® 
which may be a point in favor of the postexercise plasma pigment actually being 
hemoglobin. It is evident that ordinary physical activity in the normal subject 
is not associated with an elevation of heme pigments in the plasma and that 
important elevations due to exercise can only be expected when the exercise is 
violent and sustained (see Addendum). 

The findings in the present report constitute important background infor- 
mation against which to evaluate studies of intravascular red cell destruction 
under a variety of circumstances. It may be hoped that the opportunity now 
available to detect subtle changes in plasma hemoglobin concentration will ex- 
pand knowledge of normal erythrokinetics and aid in the understanding of 
pathologic hemolytic phenomena. 


SUMMARY 


1. Improved methods for blood collection and hemoglobin measurement have 
been applied to studies of plasma hemoglobin concentration in normal human 
subjects under a variety of environmental conditions. 

2. Values significantly outside of the normal range were observed only after 
violent and prolonged physical exertion. 

3. The implications of the results for future studies of hemolytic phenomena 
have been briefly discussed. 


Addendum.—Since completion of the manuscript we have studied 2 plasma specimens 
freshly obtained from college basketball players immediately after a game. Heme pigment 
concentrations were 4.9 and 6.7 mg. per 100 ml., respectively. Paper electrophoresis in sodium 
phosphate buffer at pH 7.0 and ionic strength 0.05, followed by benzidine staining, revealed 
most of the heme pigment traveling with the alpha, globulin, and a small amount with the 
most rapidly moving albumin component, i.e., compatible with haptoglobin-bound hemoglobin 
and a trace of methemalbumin. Addition of hemoglobin to raise the heme pigment concen- 
tration of each plasma by 5 mg. per 100 ml. did not result in the appearance of new benzidine- 
positive bands but merely darkened the bands seen in the original plasma specimens. When 
myoglobin was added to separate aliquots of the plasmas to provide final myoglobin concen- 
trations of 7 mg. per 100 ml., a clearly defined additional benzidine-positive band appeared 
between the point of origin and the gamma globulin component, i.e., the expected finding for 
myoglobin. Thus, we favor the view that the elevations of plasma heme pigment observed 
after strenuous exercise represent hemoglobin rather than myoglobin. 
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LABORATORY METHODS 


ASSAY OF THROMBOLYTIC (‘‘FIBRINOLYTIC’’) MIXTURES 
INTENDED FOR THERAPEUTIC USE 


AntTHONY P. FLetcHer, M.D., Norma ALKJAERSIG, M.S., AND Sou SHeErry, M.D. 
Sr. Louts, Mo. 


Commercially available streptokinase-plasmin mixtures, intended for ther- 
apeutic use as thrombolytic agents, are currently standardized in terms of 
arbitrary fibrinolytic units. These fibrinolytic assay methods, individual to 
each manufacturer, do not permit separate quantitation of streptokinase and 
plasmin contained in the mixture. An immunologic method for the assay of 
streptokinase, which is uninfluenced by the presence of plasmin, has been devised. 
By the use of this method and a caseinolytic assay for plasmin, analysis of com- 
mercial streptokinase-plasmin preparations in terms of their separate moieties 
has been accomplished. Striking differences in mixture composition between 
preparations having identical ‘‘ fibrinolytic potency’’ have been shown. Further- 
more, the fibrinolytic activities of these mixtures may be specifically inhibited by 
plasma containing streptokinase antibody. The experimental findings suggest 
that current procedures used for the standardization of streptokinase-plasmin 
miatures, intended for therapeutic use, are inadequate. Methods for their im- 
provement are suggested. 


ECENT interest in the treatment of acute thromboembolic vascular disease 

by enzymatic means has created certain as yet unsolved assay problems 
connected with the therapeutic agents employed.’ In the two therapeutic ap- 
proaches under current study, either plasminogen activators have been infused 
or mixtures of plasminogen activators and plasmin have been utilized. Un- 
fortunately, whereas assay methods for plasminogen activators are reasonably 
satisfactory, those for mixtures of plasminogen activators and plasmin are not, 
and this situation has caused considerable difficulty in clinical trials. 

The customary fibrinolytic assay for streptokinase (the only plasminogen 
activator currently employed for therapeutic purposes) cannot be used in the 
presence of plasmin, for the activity of the latter enzyme influences the test 
system. Conversely, a fibrinolytic assay for plasmin cannot be used in the 
presence of streptokinase, for the latter will activate the plasminogen, which 
significantly contaminates the usual fibrinogen or fibrin substrate used for the 
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plasmin assay. Consequently, though streptokinase-plasmin mixtures have 
hitherto been assayed by fibrinolytic techniques, such methods fail to distinguish 
between the relative concentration of each of the moieties concerned. Since 
streptokinase and plasmin are handled differently in vivo, information essential 
for the rational therapeutic use of the preparation is not provided.* 

Herein is described a streptokinase assay method which may be used in the 
presence of plasmin, since it is based on specific neutralization of streptokinase 
by streptokinase antibody. Studies with a variety of commercial thrombolytic 
mixtures have allowed us to devise simple assay procedures suitable for general 
use with streptokinase-plasmin mixtures. These procedures may ultimately 


prove useful in the assay of other plasminogen activator-proteolytic enzyme 
mixtures. 


MATERIALS AND METHODS 


Rationale of Method.—The union of streptokinase and streptokinase antibody is rapid 
and the antigen-antibody complex has, for all practical purposes, a negligible dissociation 
constant. Consequently, if a mixture of streptokinase and plasmin is added to an excess of 
streptokinase antibody, the streptokinase will be complexed and rendered biochemically inert. 
Since a quantity of streptokinase antibody (corresponding to the amount of added strepto- 
kinase) will be neutralized, the difference between antibody titrations made before and after 
the addition of the streptokinase-plasmin mixture will quantitate the amount of streptokinase 
originally present in the mixture. 


Because the enzyme plasmin (added in the original test mixture) will influence assay 
procedures for streptokinase antibody, it is essential to conduct the antibody assay in a 
milieu containing ‘a high concentration of proteolytic enzyme inhibitors (antiplasmin). 
Plasma contains sufficient antiplasmin (5.1 casein units per milliliter)* to inhibit the added 
plasmin, and for this reason, all antibody titrations were performed in a plasma milieu. 
A simple and accurate means of determining plasma inhibitory activity against streptokinase 
has previously been described5, 6 and the present methods are an adaption of it. 


Conventional (fibrinolytic) clot lysis assays were performed by adding 0.2 ml. aliquot of 
specimen to be assayed to 0.5 ml. bovine fibrinogen 1 per cent in 0.1M phosphate buffer, 
pH 7.5, and clotting with 0.1 ml. thrombin (10 units per milliliter in buffer). Clot lysis was 
observed at 37° C. and lysis times were, for convenience, converted to reciprocals. Three 
batches of bovine fibrinogen were used, one highly purified (92 per cent of nitrogen coagulable 
by thrombin*) and two other of 50 to 60 per cent coagulable nitrogen.t 


High titer streptokinase antibody sera of human origin, capable of neutralizing 2,000 
or more streptokinase units} per milliliter, were obtained from patients who had received 
intraveneous streptokinase therapy and become immunized.4,7 Human sera were neither 
treated with heat to destroy plasminogen nor fractionated to remove this material, since the 
assay conditions did not require this step. 


Rabbits were immunized by the injection of 2 mg. of streptokinase§ mixed with 0.4 ml. 
of Freund type adjuvant’ into each foot pad. The sera were harvested after 6 weeks and 
fractionated by the method of Levy and Sober? in order to obtain gamma globulin. 


Streptokinase was used in the form of Varidase.|| Thrombin was that of Parke, Davis 
& Company and was used in a concentration of 10 units per milliliter. Plasma was obtained 


*Kindly supplied by Dr. Kent Miller, New York State Laboratories, Albany, N. Y. 
+Armour and Company. 


tStreptokinase unitage is expressed throughout in terms of the National Institutes of 
Health standard unit. 


$Highly purified streptokinase supplied by Dr. J. Ruegsegger, Lederle Laboratories, Pearl 
River, N. Y. 


|| Varidase, Lederle Laboratories, Pearl River, N. Y. 
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from outdated bank blood (beeause the assay incorporates its own control, plasma of widely 
varying streptokinase antibody content can be used). Purified human plasminogen was pre- 
pared from Cohn Fraction III,1°* and activated with glycerol.11 Plasmin activity was deter- 
mined by a casein assay.12 

Commercial streptokinase-plasmin mixtures were obtained from two manufacturers. 
Preparation A comprised samples from two batches of Actase. Preparation B consisted of 
samples from four batches of Thrombolysin.t The manufacturer’s batch numbers are used 
for identification in the text. The manufacturer’s assay value (in fibrinolytic units) for each 
individual preparation is referred to for descriptive purposes. However, since the manu- 
facturers of Preparations A and B use different assay methods, the two preparations cannot 
be directly compared in terms of potency. 

L'echnique of Streptokinase Assay.—Step 1: High titer streptokinase antibody serum 
(0.1 ml.) was mixed with 0.1 ml. of streptokinase-plasmin to be assayed (suitably diluted so 
that the streptokinase content of the test solution was less than the antibody content of the 
serum). Ten minutes later, after antigen-antibody union had occurred, 1.8 ml. of plasma was 
added; 0.2 ml. aliquots of this mixture were then pipetted into 10 by 75 mm. serologic tubes. 
Step 2: Streptokinase (2,500 units per milliliter) was added to the aliquots with a micro- 
burettet to final concentrations of 500, 400, 300, 200, 150, 100, 50, and 0 units per milliliter 
mixture. Thrombin (0.1 ml.) was added to each tube. After clotting, the time of total clot 
lysis at 37° C. was determined. Control assays were run similarly except that 0.1 ml. saline was 
substituted for the streptokinase-plasmin mixture. The results were plotted as shown in 
Fig. 1, the abscissa being the reciprocal of the lysis time in minutes, and the ordinate strepto- 
kinase added to each tube (concentration expressed in units per milliliter on a log scale). 
A linear plot for each mixture results and the intercept at infinite lysis time (on the ordinate) 
is the streptokinase inhibitory power of the plasma in units per milliliter. The difference 
between the inhibitory power in the presence and the absence of the test mixtures is the 
quantity of streptokinase in the original test mixture. 


Modifications With Rabbit Antibody.—The use of rabbit in place of human antibody, 
though practicable, requires special precautions as union of rabbit antibody and streptokinase 
is a markedly time-dependent reaction. Provided that the reaction time for Step 1 is increased 
to 6 hours, and, in Step 2, streptokinase is added to the antigen-antibody aliquots 6 hours 
(both reactions at 4° C.) prior to the addition of the plasma, satisfactory results may be 
obtained, Nevertheless, when available, human antibody is much preferable because of its 
convenience in use. 








Reproducibility of the Method.—Calculation from the total data obtained in this study 
showed the 95 per cent confidence limits of a single assay to lie within +10 per cent of the 
correct value. 


RESULTS 


Applicability of the Method to a Specific Assay Problem.— 





I. The assay of a ‘‘human fibrinolysin”’ preparation: Preparation A is 
described by the manufacturer as human fibrinolysin intended for the treatment 
of human thromboembolic vascular disease. The preparation is assayed in 
arbitrary fibrinolytic units and is stated by the manufacturer to be free of 
streptokinase.’*® However, the fibrinolytic action of Preparation A was, for all 
practical purposes, completely inhibited by plasma containing streptokinase 
antibody. 

















*Supplied by Dr. J. Ashworth, American Red Cross, Washington, D. C. 

_ 7Supplied by Dr. Gilbert Bayne, Merck Sharp & Dohme, Inc., West Point, Pa. The com- 
position of 3 of these batches was dictated by special investigational circumstances, and, 
accordingly, the analyses made do not refer to commercial production material. 

tMicrometric Instruments, Cleveland, Ohio. 
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An experiment illustrating this finding is shown in Table I (top section). 
One milliliter aliquots of plasma from three patients containing, respectively, 
high, moderate, and low concentrations of streptokinase antibody were mixed 
with varying amounts of Preparation A (5,000 to 156 fibrinolytic units) and 
clotted with thrombin ; lysis times were observed at 37° C. Patient J. S., who 
had recently received intensive streptokinase therapy, was highly immunized, 
and his plasma contained over 3,000 units of streptokinase antibody per milli- 
liter. Clots formed from this plasma and Preparation A never lysed even though 
the proportion of Preparation A was one tenth of the contents of a vial to 1 ml. 
plasma. Similarly, clots formed from the plasma of Patient A. F. showed con- 
siderably slower lysis times than clots formed from the plasma of Patient L. L., 
whose streptokinase antibody titer was less than that of Patient A. F. 


TABLE I. ADDITION OF PREPARATION A OR PREPARATION B TO PLASMAS OF DIFFERENT 






































rs 
STREPTO- | | 
KINASE } LYSIS TIME 
(U./ML. ) | WITH 
REQUIRED PREPARATION A: U./ML. PLASMA®* | UROKINASE 
PATIENT | FORLYSIS | 5,000 | 2,500 | 1,250 | 625 | 312 156 |.05 MG./ML. 
J.S. App. 3,000 > 24hr. >24hr. >24hr. >24hr. >24hr. >24hr. 8’ 30” 
A. F. 55 sa” F x” 26’ > Shr. >24hr. > 24hr. 9’ 45” 
i Ey 5 2’ 3’ 9’ 39’ > she. > Ske. 9’ 30” 
| MIN, | 
| STREPTO- | 
KINASE LYSIS TIME 
| PREPARATION B: U./ML. PLASMA* beans 
; -REPARATION B: U./ML. PLASM‘ | UROKINASE 
| REQUIRED _ - et oa “4 on Nearer 
PATIENT | FORLYSIS 1,250 62% | 312 156 | 78 39 =: |.05 MG./ML. 
J.S. App. 3,000 < 24hr. >24hr. >24hr. >24hr. >24hr. >24hr. 8’ 30” 
O. C. 250 6’ 45” 27’ Zhr. < 24hr. > 24hr. >24hr. 10’ 15” 
L. L. 5 YT a” Yroa” FY & 4’ 9’ 20’ y 32" 








*Individual manufacturer’s units. 


As also is shown in Table I (on the right) the lysis times of these clotted 
plasmas, in the presence of the plasminogen activator urokinase, were similar 
despite their widely varying content of streptokinase antibody. These observa- 
tions indicate that streptokinase is the main fibrinolytic moiety contained in 
Preparation A and that its enzymatic activities are rapidly inhibited by plasma 
containing streptokinase antibody. 

Assay data on this preparation can be seen in Fig. 1. Each vial containing 
50,000 fibrinolytic units (manufacturer’s units) contains 6,400 streptokinase 
units and 5 casein units of plasmin. Since the amount of plasmin is minimal 
(this amount of plasmin ean be formed from the plasminogen normally con- 
tained in 2 ml. plasma), the ability of plasma containing streptokinase antibody 
to inhibit the preparation, as displayed in Table I, is explained. 

IT. Analysis of a preparation having a standard fibrinolytic activity, but 
of known variable composition: Preparation B is a preparation of streptokinase 
and plasmin, supplied for clinical investigative use in the therapy of human 
thromboembolic disease. The preparation has always been assayed with the 
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use of a standard fibrinolytie assay,'* each vial* containing 25,000 fibrinolytic 
units of activity. For various reasons, as clinical trial has proeeeded, the manu- 
facturer has found it expedient to alter the composition of the preparation while 
maintaining a constant fibrinolytie activity per vial.* 


STREPTOKINASE ASSAY IN STREPTOKINASE 
PLASMIN MIXTURE.(Preparation A,Batch 4 T 14) 


STREPTOKINASE U/ML. 





SK Calculated From First Assay = 6400 U/Vial 
SK Calculated From Second Assay = 6750 U/ Vial 
Plasmin by Casein Assay= 5U/Vial 
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Fig. 1—Method of plotting assay results. Ordinate is log streptokinase concentration 
and abscissa is reciprocal of lysis time. The intercept (at the ordinate) of a line joining 
the individual assay points indicates the streptokinase inhibitory concentration (streptokinase 
units per milliliter) of the solution being assayed—i.e., the amount of streptokinase neutralized 
by antibody under the test conditions. Assays on 2 separate concentrations of Preparation A 
are illustrated. 


Assay data on one of the latest batches (1,507 C) issued for clinical trial 
are illustrated in Fig. 2; each vial contained 12,500 units of streptokinase and 
50 casein units of plasmin. 

The results of assay on Bateh 1,507 C with three other batches are compared 
in Table II. All batches were of similar fibrinolytic activity (25,000 units) but 
their composition, as regards the ratio of streptokinase to plasmin unitage, varied 
widely. For instance, each vial of Batch 1,285 contained over three times as 
much streptokinase as Batch 1,507 © but less than one tenth as much plasmin. 

That the composition of these batches, each of identical potency as deter- 
mined by a fibrinolytic assay, should vary in this extreme manner is not 


*Preparation B was formerly supplied in 25,000 unit vials, but is presently supplied 
commercially in 50,000 unit vials. 
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surprising when the nature of the fibrinolytic assay procedure is examined. Fi- 
brinogen preparations used for such procedures are usually grossly contaminated 
with plasminogen. Consequently, the assay substrate is degraded in the presence 
of either plasmin or plasminogen activator,* and where both are present, fibrin 
lysis times are a measure of additive action and not a distinct measure of either. 


STREPTOKINASE ASSAY IN STREPTOKINASE 
PLASMIN MIXTURE. (Preparation B, Batch 1507C) 
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Fig. 2.—Employs the same plot as Fig. 1. Illustrated are 2 assays on Preparation B 
(Batch 1,507 C). Each vial contained 12,500 streptokinase units and 50 casein units of 
plasmin. 

TABLE IJ. ASSAY OF STREPTOKINASE AND PLASMIN IN PREPARATIONS WITH IDENTICAL 
FIBRINOLYTIC ACTIVITY 
PREPARATION B: | FIBRINOLYTIC* PLASMIN STREPTOKINASE 
BATCH NO. ACTIVITY U./VIAL CASEIN U./VIAL U./VIAL 
1,507 C 25,000 50 12,000 
1,286 25,000 22 16,800 
1,284 25,000 13.7 28,900 
1,285 25,000 3.8 45,000 





*Manufacturer’s fibrinolytic units. 


The fibrinolytie activity of Preparation B (Table I, bottom section) was 
inhibited, in a manner similar to that of Preparation A, by streptokinase anti- 
body, and the degree of inhibition was related to the antibody concentration of 
the plasma employed. 

Validation of Assay Procedure-—Preparations of human plasminogen or 
plasmin intended for therapeutic use have to be ‘‘pasteurized’’ (usually at 60° 


*If the substrate is bovine fibrinogen and streptokinase is the plasminogen activator, 
trace contamination with human plasminogen is required. 
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C. for 5 to 10 hours) on account of the danger inherent in hepatitis transmission. 
This pasteurization process induces a variable degree of denaturation in the 
plasminogen preparation. Plasminogen or plasmin denatured in this manner 
will still bind streptokinase and render it biochemically inactive.’ Consequently, 
the validity of assays made on streptokinase-plasmin mixtures prepared for 
therapeutie use must be confirmed by direct experiment. 

Furthermore, since the streptokinase assay procedure depends on the ability 
of streptokinase to unite with antibody, there exists the possibility that if the 
antigenic determinant and active sites of the molecule were in different locations, 
assay determinations of antigenic sites might not always be a valid measure of 
the number of active sites. Though this is a remote possibility, unsupported by 
any evidence, it constitutes a further reason for attempting direct validation of 
assay results. 


COMPARISON OF PRODUCT COMPOSITION AND 
FIBRINOLYTIC ASSAY 
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Fig. 3.—Bottom portion of the figure illustrates (blocked circles) a double log plot of 
the Preparation B data given in Table II. Vial streptokinase content is on the ordinate and 
vial plasmin content on the abscissa. The best-fitting straight line is drawn and the 6 open 


circles, lying upon it,-represent the six streptokinase to plasmin ratios chosen for experimental 
test. 


The top portion of the figure illustrates clot lysis assays for the 10 mixtures shown on 
the bottom of the figure. Reciprocal of clot tysis times (triple determinations) is on the 
ordinate, plasmin concentration on the abscissa. Within the limits of experimental error, 
clot lysis assays (fibrinolytic assays) were the same for all mixtures. 

Accordingly, as a routine, after assay results were obtained, mixtures were 
duplicated with the use of laboratory stocks of plasmin and streptokinase. The 
original test preparations and their simulated duplicates were assayed by means 
of the fibrin plate technique.*> Preparation A samples showed a mean area 
deviation of 12 + 7 per cent and Preparation B samples, a mean area deviation 
of 20 + 19 per cent greater than the simulated duplicates. This slight discrep- 
ancy between test preparation and the simulated duplicate assays is regarded as 
lying within the limits of technical error inherent in the methods employed. 
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Consequently, the results of this comparison would suggest that the analytic 
methods described in this communication are of satisfactory accuracy and 
validity. 

The Development of Assay Methods for Routine Use——The present assay 
methods, being relatively complex, are not ideal for routine use. Since it was 
known that the various batches of Preparation B had been carefully prepared by 
the manufacturer to have identical fibrinolytic activity, and that, in fibrinolytic 
test systems, clot lysis times are related to the log of both plasmin and strepto- 
kinase concentrations, the assay data for the various Preparation B samples 
were plotted logarithmically, as shown in the lower portion of Fig. 3. Plasmin 
content (casein units per vial) is shown on the abscissa and the streptokinase 
content (units per vial) on the ordinate. The plot for all four preparations, 
the composition of which is given in Table II, fell on a straight line (blocked 
circles, lower portion of the figure). 

This finding suggested that, with preparations of identical fibrinolytic 
potency, assay for either plasmin or streptokinase would suffice for the deter- 
mination of the unknown moiety by graphic means. 

Experimental test of this hypothesis required that mixtures of plasmin and 
streptokinase read off the experimentally determined line in Fig. 3 should all 
have equal potency when tested by fibrinolytic assay. Accordingly, six mixtures, 
of composition shown by open cireles on the experimentally determined line 
in Fig. 3, were made up from laboratory stocks of plasmin and streptokinase. 
These were tested by a conventional fibrinolytic assay (methods section) and 
the reciprocals of triple determinations of lysis times were plotted as separate 
points in the upper portion of Fig. 3. 

These lysis times show no systematic bias from the mean for either the 
Preparation B samples or the new mixtures; the mean deviation between the 
two series of preparations was only 3 per cent and the standard deviation of 
both was 9 per cent. These deviations were well within the limits of experimental 
method ; results confirm the validity of the original hypothesis. 

Before concluding that by assay of test preparations for plasmin and for 
fibrinolytie activity the plasminogen activator content of the preparation can 
be determined, several limitations require emphasis. First, a standard and 
preferably single batch of fibrinogen must be used for fibrinolytic assays; use 
of different batches will alter the slope of the assay line. Second, the method 
is valid only if a reliable method of plasmin assay, e.g., caseinolytic, is employed. 
Third, the suggested method must be regarded as less aceurate than that of 
direct determination of activator concentration. Last, this procedure has been 
validated for streptokinase only, and though probably equally applicable to 
use with urokinase, this point must be established by assay of actual prepara- 
tions, intended for therapeutic use. Despite these limitations, the method 
seems to offer considerable promise as one suitable for routine rather than ab- 
solute use. 

DISCUSSION 


Currently there is great clinical and investigative interest in the use of 
thrombolytic agents for the treatment of acute thromboembolic vascular disease. 
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This interest is attested by the enormous and rapidly expanding literature.” * 
However, progress is impeded because of the multiplicity of inadequately as- 
sayed thrombolytic agents now becoming available. Problems are arising be- 
cause the rationale for the use of some agents has not been clearly defined and, 
consequently, dosage which is of critical importance with the present prepara- 
tions is decided on empiric rather than on scientific grounds. 

Our previously published data’* ® ' reveal neither theoretical nor practical 
justification for the use of plasminogen activator-plasmin mixtures in preference 
to the use of plasminogen activators alone. The present data demonstrating 
that the thrombolytie activity of streptokinase-plasmin mixtures is wholly in- 
hibited by plasma containing streptokinase antibody is in accord with the 
hypothesis that the sole in vivo active moiety of the mixture is streptokinase. 
Consequently, the dosage principles developed for use with streptokinase* © ** 
must be applied to the therapeutic employment of streptokinase-plasmin mix- 
tures if a reproducible and satisfactory thrombolytic state is to be induced in 
the patient. Conversely, it is neither rational nor desirable to use a fixed or 
standard streptokinase-plasmin dosage (as recommended by the manufacturers) 
irrespective of the patient’s plasma streptokinase antibody titer, for under 
such circumstances it will be impossible to ensure whether or not the patient 
will develop an active thrombolytic state. 

Were the plasmin component omitted from the mixtures, the standardiza- 
tion problem would be simple, but if mixtures continue to be used, it is essential 
that adequate assay methods be developed to express their potency in terms 
of their individual components. 

Hitherto, because of lack of proper method, the sole assay used for the 
standardization of plasminogen activator-plasmin mixtures has been a fibrinolytic 
one. The present data conclusively demonstrate the inadequacy of this single 
standardization measure, for by its use therapeutic preparations of widely dif- 
fering composition may be thought to be of equivalent potency. The urgency 
of general agreement on standardization procedures is emphasized by the finding 
that a vial of Preparation A assayed by its manufacturer at 50,000 fibrinolytic 
units contains less than one fourth the streptokinase unitage and only one 
twentieth the plasmin unitage of a vial of a comparable preparation, Prepara- 
tion B, also deseribed by its manufacturer as containing 50,000 fibrinolytic 
units. 

The present confusion in the field of therapeutic thrombolytic endeavor 
will be rapidly compounded unless this problem is solved by the requirement 
that preparations intended for therapeutic use must be assayed for both plas- 
minogen activator and plasmin content and that these assays be expressed in 
meaningful biochemical terms. 

The methods advocated in this communication would fulfill these require- 
ments and are suitable for universal adoption. 


SUMMARY 


1. Streptokinase-plasmin mixtures, employed therapeutically as thrombo- 
lytic agents, have hitherto been standardized for use in fibrinolytic units. The 
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construction of an immunologie method for the assay of streptokinase in strepto- 
kinase-plasmin mixtures has permitted analysis of these mixtures in terms of 
their respective streptokinase and plasmin contents. 

2. Analysis of certain commercially available streptokinase-plasmin mix- 
tures, intended for therapeutic use, reveals the inadequacy of currently employed 
fibrinolytic assay methods. 

3. Attention is drawn to the fact that the thrombolytic action of strepto- 
kinase-plasmin mixtures is completely inhibited by plasma containing strepto- 
kinase antibody. Since streptokinase antibody levels vary widely in the human, 
prior assay of the patient’s plasma for this moiety is required before an ap- 
propriate dose of these agents can be determined. 


It is a pleasure to record our indebtedness to Dr. Herman Eisen and Dr. Ernst Helm- 
reich, who immunized the rabbits, and to Odessa Hill and David Goldenson for technical 
assistance. 
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DETERMINATION OF CALCIUM IN SOLUTIONS CONTAINING 
ETHYLENEDIAMINETETRAACETIC ACID 


Tart Y. TortBarA, Pu.D., AND LARYSA KovaL 
RocueEster, N. Y. 


Calcium can be precipitated completely by oxalate in the presence of ethyl- 
enediaminetetraacetic acid (EDTA) if the pH is kept below but near 5.0. If the 
pH is elevated to 8.0 during precipitation, any EDTA present will chelate com- 
pletely an equimolar quantity of calciwm. By precipitating calcium at a pH 
below 5.0 in one aliquot and above 8.0 in another aliquot of serwm or plasma, 
the quantity of calciwm complexed to EDTA in blood may be determined by 
difference. In order to obtain the necessary pH control, the acetate buffer system 
was used at the lower pH and the ammonium system at the higher pH. 


HE use of ethylenediaminetetraacetie acid (EDTA) in medicine in the form 
of one of its salts has brought some confusion in the interpretation of serum 
calcium analyses as determined in the clinical laboratory. Because of the strong 
binding characteristics of EDTA for calcium, there is some doubt as to the frac- 
tion of the calcium precipitated by oxalate in the precipitation step of the 


standard analytic procedure for the determination of calcium.’ It cannot be 
assumed a priori that only the caleium not chelated to EDTA will be precipi- 
tated. If a portion of the calcium originally chelated by EDTA is precipitated 
by oxalate, the significance of serum calcium determinations in a subject re- 
ceiving EDTA would be difficult to evaluate. Although the total calcium content 
of serum containing EDTA may be determined by ashing procedures, more in- 
sight into calcium homeostasis might be obtained if the exact amount of total 
ealeium bound to EDTA were determined. 

The following study was undertaken to evaluate the analytic conditions 
necessary to determine the EDTA-bound calcium in a biologic sample by a dif- 


ferential analysis in which the total and non—EDTA-bound calcium levels are 
determined. 


THEORETIC CONSIDERATIONS 


Both oxalate precipitation and EDTA complexing of calcium are increased 
with increasing pH. However, in the pH region (< 5) utilized for the oxalate 
precipitation a further increase in pH would result in very little inerease in the 
fraction of calcium oxalate precipitated from a solution containing no EDTA 
because the oxalic acid is already predominantly in the form of the bivalent ion. 


From the Department of Radiation Biology, University of Rochester, School of Medicine 
and Dentistry, Rochester, N. Y. 
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The EDTA binding, by comparison, increases very markedly in this pIL region 
because further ionization of the acid forms of EDTA produces large amounts 
of the tetravalent ion with relatively small pH changes (e.g., an increase in pli 
from 5.2 to 6.0 results in a twenty-six fold inerease of the tetravalent form of 
EDTA as used in the ealeulation of the stability constant of the complex). 

By using the accepted values of the dissociation constants for EDTA, 
CaEDTA,’ and oxalie acid® and the solubility product for calcium oxalate,‘ it is 
possible to caleulate the quantity of ealeium which would be precipitated in the 
presence of EDTA at various pH values. In the caleulations, the solution was 
assumed to contain 100 meg. of calcium with an equimolar quantity of EDTA 
and a large excess of ammonium oxalate as in the usual calcium precipitation 
method. The results of these calculations are shown in Table I. (See appendix 
for detailed calculations. ) 


METHODS 


To test the validity of the calculations, samples containing 40 meg. of calcium together 
with an equimolar quantity of EDTA, a large excess of ammonium oxalate, two drops of 
glacial acetic acid, and bromocresol green indicator were placed in a refrigerator overnight. 
Variations in pH were obtained in the following manner: (a) Concentrated ammonia solu- 
tion was added until the indicator just turned blue-green. The pH measured after precipita- 
tion was about 4.7. (b) Varying but small amounts of concentrated ammonia were added 
after the indicator turned blue-green. The pH’s varied from 5.2 to 7.2. (¢) One drop more 
than double the quantity of concentrated ammonia to turn the indicator to blue-green was 
added. The pH’s varied from 8.0 to 8.6. The calcium oxalate precipitated was measured by 
EDTA titration.5 


RESULTS 
The results are shown plotted in Fig. 1. The closed circles represent the 
caleulated values shown in column 3 of Table I, and the open circles represent 
the experimental results. The half open circle at pH 4.7 represents both ex- 
perimental and ecaleulated points. 


TABLE I. Errect oF pH ON CALCIUM OXALATE PRECIPITATION AND EDTA BINDING 

















| | MCG. CALCIUM 
| 

MCG. CALCIUM | PRECIPITATED BY 

pH COMPLEXED TO EDTA | MCG. IONIC CALCIUM OXALATE 

4.7 0.38 0.24 99.38 

5.2 2.74 0.20 97.06 

6.0 40.80 0.19 59.01 

7.0 93.30 0.18 6.52 

7.4 97.30 0.18 2.52 

8.53 99.82 0.18 0.0 

All solutions were 4.16 x 10-4M in calcium (100 meg. total), 4.16 x 10-*M in EDTA, and 
4.67 < 10-?7M in ammonium oxalate. Total volume = 6.0 ml. 
DISCUSSION 


The results show that the control of pH is very important in the determina- 
tion of calcium in the presence of EDTA if meaningful data are to be obtained. 
By eareful regulation of the pH it is possible to precipitate all of the caleium 
present or only the non—EDTA-bound calcium, and thus by differential analysis 
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to measure the EDTA-bound ealeium. These data should be obtained on ali- 
quots of the same serum sample so that the data are self-controlled. In Fig. 1, 
it may be seen that complete precipitation of the calcium as oxalate is obtained 
at a pll below 5.0, whereas at a pH above 8.0 the EDTA present will complex 
an equimolar quantity of calcium and prevent its precipitation by oxalate. 


100F e calculated 
© experimental 


@ 
o 
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Per Cent Precipitated 











40 5.0 6.0 70 8.0 9.0 
pH 


Fig. 1.—Precipitation of calcium oxalate in the presence of EDTA. 


Because serum is not buffered in the region much below physiologic pH, 
another buffer system must be used to maintain the pH in the region where the 
total calcium is to be precipitated by oxalate. The necessary control may be 
attained by the use of a small amount of glacial acetic acid followed by the 
addition of concentrated ammonia until bromocresol green indicator just turns 
blue-green. The pH will be approximately 4.7, and virtually complete precipita- 
tion of all the calcium should occur in the presence of excess oxalate. Since a 
pH of 4.7 equals the pK of acetic acid, half of the acid will be neutralized when 
the indicator turns blue-green. A quantity of ammonia equal to that added to 
bring the pH to 4.7 will neutralize the remainder of the acetic acid. Addition 
of one drop more of ammonia will bring the pH to approximately 8.5 (the ratio 
of ammonium ion to undissociated ammonium hydroxide will be about 5 for the 
ammonium acetate-ammonium hydroxide buffer system). 

The data in Table I show that at pH 7.4 EDTA present will be complexed 
to the extent of 97.5 per cent in the presence of excess oxalate. In the case of 
intravenous administration, all of the EDTA will be complexed because of the 
excess of calcium ions. 


RECOMMENDED PROCEDURE FOR PRECIPITATION OF CALCIUM OXALATE 


Total Calcitwm.—In a 15 ml. conical centrifuge tube, dilute 1 ml. of serum to 5 ml. 
with distilled water and add 4 drops of glacial acetic acid and 1 ml. of 4 per cent ammonium 
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oxalate solution. Add one drop of bromocresol green indicator and concentrated ammonia 
solution dropwise until the indicator just turns to blue-green. Allow the mixture to stand 
overnight in a refrigerator and then separate the calcium oxalate by centrifugation. The 
precipitate may then be treated and analyzed in the usual manner. 


Non-EDTA Complexed Calciwm.—In a 15 ml. conical centrifuge tube, dilute 1 ml. of 
serum to 5 ml. with distilled water and add 4 drops of glacial acetic acid and 1 ml. of 4 per 
cent ammonium oxalate solution. Add one drop of bromocresol green indicator and count 
the drops of concentrated ammonia solution required to turn the indicator to blue-green. 
Then add an equal amount of ammonia solution plus one additional drop to bring the pH 
to a value greater than 8. Allow the mixture to stand overnight in a refrigerator, separate, 
and treat the calcium oxalate as previously. 


Destruction of EDTA.—Very little information is available in the literature concerning 
the stability of EDTA. Dry ashing such as employed by Spencer and co-workers will destroy 
the EDTA. In our laboratory we have found that merely heating EDTA with concentrated 
nitric acid will decompose the material even before the nitric acid has reached the boiling 
temperature. Samples containing equimolar quantities of calcium and EDTA were first 
evaporated to dryness. One milliliter of concentrated nitric acid was added to each sample. 
the acid was heated to boiling, and then most of it was evaporated. Subsequent precipitation 
with oxalate resulted in complete recovery of the calcium (even at pH 7). 


SUMMARY 


Theoretic calculations showing the effect of pH on the precipitation of cal- 
cium by oxalate in the presence of EDTA have been experimentally verified. 
To maintain the pH below 5.0 for complete precipitation of the calcium, an 
acetate buffer is used. To maintain the pII above 8.0 for the precipitation of 
non—EDTA-bound calcium, an ammonium buffer is used. The difference be- 
tween the two ecaleium values determined on aliquots from the same serum or 
plasma sample will give the EDTA complexed calcium. 


APPENDIX 


The conditions chosen for the calculations are those encountered in a typical clinical 
laboratory determination of calcium (1 ml. of serum containing 100 meg. of calcium pre- 
cipitated with 1 ml. of 4 per cent ammonium oxalate solution in a final volume of 6 ml.). 
An EDTA concentration equimolar to that of the calcium is presumed. 


For oxalic acid: pK, = 1.2; pK, = 4.21 

For EDTA: pK, = 2.0; pK, = 2.67; pK, = 6.16; pK, = 10.26 
Thermodynamic K,, = 2.50 x 10-9 for calcium oxalate 

Concentration K*,, = 3.57 x 10-8 for calcium oxalate at ionic strength of 0.1 
Stability Constant for CaEDTA — 3.9 x 1010 

H,Ox, HOx, Ox == H,C,0,, HC,0,-, C,0,--, respectively 

H,Y, H,Y, H.Y, HY, Y = forms of EDTA with appropriate acidic hydrogens 
Oxy — total oxalate = 4.67 x 10-2M 

Y, = uncomplexed EDTA 

Y, = initial total EDTA = 4.16 x 10-4M 


In the pH region of interest, only the following reactions are of concern in the calculations. 
The following reactions are involved: 


HOx — Ox + Ht pK? = 4.2 (1) 
Catt + Ox — CaOx K*,, == 3.57 x 10-8 (2) 
H.Y — HY + Ht pK; = 6.16 (3) 
HY — Y + Ht pK, = 10.26 (4) 
Ca*+ + Y — CaY pK = 10.59 (5) 
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At pH 4.7 
Ox : 
Hox > *1 
Ox, — 0.0467M 
Ox — 0.035M 


3.57 x 10-8 


Ca** = 0035 


= 10-6-M 
Per cent precipitated with no EDTA present 


(4.16 «x 10-4 — 10-6) x 100 
4.16 x 10-4 





= 99.76 
With an equal quantity of EDTA present 


CaY 
3.9 x 1010 


(Ca**) (Y) = 


If any precipitation of calcium oxalate occurs at this pH, Ca*+ will be 10-6M. 
CaY = (3.9 x 1010) (10-6) Y — 3.9 x 104 Y 
3. = Be + Se FT = FT, — Coe 
From reaction (3) 


H.Y 


[ 
From Reactions (3) and (4) 
H,Y 
by 
Y = 9.67 x 10-8 Ya — 9.67 x 10-8 (Y, - CaY) 
CaY = (3.9 x 104) (9.67 x 10-8) (Y, - CaY) 
CaY = 3.77 x 10-3 Y, = (3.77 x 10-3) (4.16 x 10-4) = 1.57 x 10-6M 


= 107 


Total calcium remaining in solution — Ca*t + CaY — 2.57 x 10-6M. In 6 ml. of solution this 
represents 0.63 meg. 
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NEW ELECTRONIC METHOD FOR MEASURING HEMATOCRIT: 
CLINICAL EVALUATION 


JuLEs A. KERNEN, M.D., HAarotp WurzEL, M.D., AND 
Ropert Oxapa, Pu.D. 
PHILADELPHIA, PA. 


WITH THE TECHNICAL ASSISTANCE OF DoROTHY PLUMB AND 
MICAELINA J. CARTER 


A new rapid electronic method for measuring hematocrit utilizes the 
principle that the electrical resistance of a column of blood is a function of 
the relative volume per cent of erythrocytes. A description is presented of a 
small light electronic instrument which is portable, completely transistorized, 
and powered only by a standard transistor radio battery; it measures the resist- 
ance of a small column of blood in a plastic cwette. A clinical evaluation 
of this instrwment compared the hematocrit of eighty-seven patients’ finger-tip 
capillary blood measured by this instrument with that measured by a standard 
centrifuged microhematocrit technique. There was no clinically significant 
systematic difference between the two methods (mean difference of 1.0 hemato- 
crit per cent units); the standard deviation was + 3.0 hematocrit per cent units. 
In experiments using reconstituted blood of different protein concentration, it 
is shown that the reading is subject to correction in patients suspected of having 
abnormally large deviation in total serum protein concentration. This new 
technique is useful in circumstances requiring very rapid hematocrit determina- 
tion or where a centrifuge or electric power source is not available. 


N ORDER to measure the relative volume per cent of erythrocytes in whole 
blood (hematocrit), it has been necessary to subject the blood to centrifugation 
so as to achieve packing of the cells. The two most widely used techniques are: 
(1) a Wintrobe tube filled with oxalated venous blood which is centrifuged for 
30 minutes at 2,260 G,! and (2) a small glass capillary tube, which may or may 
not contain an anticoagulant such as oxalate or heparin, and which is filled with 
blood from either a finger-tip puncture or a venipuncture, then sealed at one 
end, and centrifuged for 1 or 2 minutes.? 

The necessity of subjecting blood to centrifugation in the currently used 
techniques has made it difficult to measure the hematocrit at the bedside or 
away from a source of electric power suitable for a centrifuge, as for example 
on the battlefield, at the site of a civilian disaster, or in the home. Since the 
blood specimen must be taken to the laboratory, there is inevitable delay before 
the clinician learns the results. In addition, the measurement of the packed 
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cell volume is subjeet to an inherent error of about 2 or 3 per cent? * in normal 
blood, because of the irreducible volume of trapped plasma in the column of 
packed eells. This error is probably even greater in eases in which the red 
cells have abnormal shapes, as in spherocytie anemias. Hence, there is need 
for a rapid reliable method for measuring the hematocrit, a method which is 
adaptable to bedside or field use, requires no fixed electric power sources, and 
is virtually instantaneous in operation. 


MATERIALS AND METHODS 


Instrument.—Such a method has been developed with the use of an instrument* (the 
electronic hematocrit meter) described by Okada and Schwan,4 which is a clinical realiza- 
tion of a technique described by Schwan.5 In this instrument the relative erythrocyte volume 
is not determined by measuring the relative volume of packed red cells, but instead is 
measured by utilizing the principle that the electrical resistance of a column of blood is 
a function of the relative volume per cent of erythrocytes. 

The operation of the electronic hematocrit meter is based on the finite conductivity 
of blood plasma and the insulating character of erythrocytes (the latter being a function 
of the frequency of the alternating current used). The conductance of a fixed volume of 
blood varies inversely with the relative volume of erythrocytes; hence the resistance varies 
directly with the relative volume of erythrocytes. The plasma conductance is, however, 
temperature-sensitive and a built-in thermistor (temperature-sensitive resistor) automatically 
compensates for variations of ambient temperature. Care must be taken that neither the 
blood sample nor cuvette is at extreme temperature difference with the ambient atmosphere. 

The conductance measurement of fluids must be performed with alternating current 
because of polarization impedances present at the interface of fluid and electrode. Polariza- 
tion impedance is a function of the volume and shape of both electrode and cell, electrode 
material, and frequency. The frequency used must be a compromise between a high value 
required by polarization impedance, and a low value required by the capacitive properties 
of the erythrocytes. The cell used in the electronic hematocrit meter has been designed and 
checked to have a polarization impedance of less than 1 per cent of the lowest value for the 
blood sample at 10 kilocycles, which is still low enough for the erythrocytes to be essentially 
insulating. 

The block diagram (Fig. 1) illustrates the operation. A 10 kilocycle oscillator is buffered 
by an emitter follower which drives the temperature-compensated conductance bridge. The 
unbalance of the bridge is a measure of the conductance of the blood sample in the cuvette, 
and this signal is amplified, detected, and displayed on a 100 microampere meter. The new 
model of the latter is directly calibrated in hematocrit per cent units. The entire circuit 
is transistorized, which results in essentially infinite life, with the only replaceable unit 
being a standard transistor radio battery. The battery will last up to six months under 
normal instrument usage. 


Use of Instrwment.—The blood is drawn from the finger tip into a removable Plexiglass 
cuvette, 14% inches long, through the center of which has been bored a channel of approximately 
0.036 inch in diameter. Two fixed concentric platinum electrodes, flush with the bore, 
serve both to establish electrical continuity between the column of blood and the electrical 
contact in the electronic hematocrit meter and to guarantee an invariant length (0.322 
inch) of the effective blood column. A total volume of about 0.02 ml. of blood is required. 

For adjusting the meter before use, a fixed resistor is inserted in place of the blood 
sample. The deflection of the meter is adjusted to 40 per cent of full scale by the gain 
control of the amplifier, which is on the front of the meter. Therefore, the sequence of 
operations in using the instrument is as follows: It is turned on by the switch at the upper 


*The instrument is available from the Yellow Springs Instrument Co., Inc., Yellow Springs, 
Ohio. 
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right-hand corner of the panel. The deflection of the meter is adjusted to 40 per cent by 
the gain control knob in the lower right-hand corner. Blood from a finger tip is drawn into 
the cuvette by suction on a flexible rubber tube attached to one end. The cuvette, filled 
with blood is inserted in the clip at the left of the panel. The central switch is depressed, 
thereby removing the fixed resistor from the circuit and substituting the column of blood 
for it, and the scale reading is obtained. 


BLOCK DIAGRAM 
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Fig. 1.—A diagram illustrating the essential features of the electronic hematocrit meter. 
osc., oscillator; amp., amplifier; detect., detector. 


After each determination the cuvette is emptied by blowing out the contents, rinsed 


in distilled H,O, and dried by blowing through it after it has been rinsed in 70 per cent 
alcohol. 


Calibration of Instrwment.—Since the hematocrit is not a linear function of the resist- 
ance, the electronic hematocrit meter reading was corrected by us to hematocrit per cent 
units by reference to a calibrated graph accompanying the instrument. The resulting 


scale is almost linear, due to coincidental cancellation of the bridge and blood resistance 
nonlinearities, 


The calibration curve is shown in Fig. 2. The calibration was performed by the separa- 
tion of erythrocytes from whole human blood and the mixing of various volume percentages 
of the cells with plasma. Twelve uniformly spaced values of hematocrit samples were used. 
From 10 to 15 readings were taken on the electronic hematocrit meter for each sample and 
the readings were uniform to within less than 1 per cent standard deviation. The same 
samples were then drawn into glass capillary tubes, 75 mm. long and 1.5 mm. in outside 
diameter, and spun for 10 minutes in an International hematocrit centrifuge at 11,000 r.p.m., 
which determined the abscissa of the calibration curve. 


RESULTS 

In order to evaluate the accuracy of this method, we compared the hemato- 
erit of finger-tip blood measured by the electronic hematocrit meter with that 
measured by a standard capillary microhematocrit method. A total of eighty- 
seven patients were studied. These included sixty who were all the patients on 
the Ward Medical Services of this hospital for whom a request for hematocrit 
or sedimentation rate was received in the laboratory over a 10 day period. The 
other twenty-seven subjects were selected arbitrarily as presenting interesting 
clinical problems or as showing blood protein or electrolyte abnormalities. 

The capillary microhematocrit measurements were done in duplicate. Blood 
was drawn from a finger-tip puncture wound into double oxalated glass capillary 
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tubes, 32 mm. long and 0.8 mm. in inside diameter. These tubes were sealed 
at one end in a flame and centrifuged for 2 minutes at 16,500 r.p.m. on a Drum- 
mond microhematoecrit centrifuge. The hematocrit was then read, with the 
use of a Drummond microhematocrit reader. From this same finger-tip pune- 
ture wound, blood was drawn into the removable cuvette as deseribed above 
and the hematocrit immediately measured with the electronic hematocrit meter. 
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Fig. 2.—Calibration graph used in this study to convert readings on the electronic hema- 
tocrit meter to hematocrit per cent units. Abscissa, centrifuged hematocrit in hematocrit per 
cent units; ordinate, reading of electronic hematocrit meter in scale units. 

The distribution of the differences of the hematocrit as measured by these two 
different techniques is shown in Fig. 3, A. There was no clinically significant 
systematic difference between the two methods (mean difference of 1.0 hemato- 
erit per cent units) : the standard deviation was + 3.0 hematocrit per cent units. 

In addition, on twenty-nine of these patients the hematocrit of a sample of 
heparinized venous blood was determined both by the capillary microhemato- 
erit technique (using plain glass capillary tubes) and by the electronic hemato- 
erit meter. The distribution of the differences of the hematocrit as measured 
by these two different techniques is shown in Fig. 3, B. Again there was no 
clinically significant systematic difference between the two methods (mean dif- 
ference of 0.1 hematocrit per cent units); the standard deviation was + 2.9 
hematocrit per cent units. 
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DISCUSSION 


A similar attempt was made to study instrument readings on oxalated 
venous blood. Unfortunately the relatively large amounts of potassium and 
ammonium oxalate introduced significant error into the measurements. It was 
concluded that this technique is not applicable to oxalated blood samples. 
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Fig. 3.—The distribution of differences of hematocrit as measured by two _ techniques 
(electronic hematocrit minus centrifuged microhematocrit). Abscissa, magnitude of indi- 
vidual differences in hematocrit per cent units; ordinate, number of patients. A, Finger-tip 
capillary blood in eighty-six patients ; B, heparinized venous blood in twenty-nine patients. 

In one patient the hematocrit reading exceeded 70. In such eases, the 
instrument as presently constructed cannot be used to obtain an accurate hemato- 
erit reading, as the high end of the ohmmeter seale (100 seale units) corresponds 
to a hematocrit of about 70. Henee, in markedly polyeythemie patients the 
instrument can be used only to indicate that the hematocrit exceeds 70. 

In our laboratory, when comparing the hematocrit done with the Drummond 
microhematocrit on oxalated venous blood with that done in a similar way on 
oxalated capillary blood from the same patient, the standard deviation was 
+ 2.9 hematocrit per cent units. When the electronic hematocrit meter was 
used to compare the hematocrit on heparinized venous blood and eapillary blood 
from the same patient, the standard deviation was + 2.8 hematocrit per cent 
units. It is more difficult to evaluate the results when more than one variable 
is present (i.e., type of specimen, type of anticoagulant, and type of instrument 
used in measurement). 
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Theoretical consideration led us to believe that the resistance of a column of 
blood, a function of the relative erythrocyte volume, is also dependent to some 
degree on the protein concentration of the plasma. In order to study the effect 
of protein concentration, packed red cells from venous blood samples of seven 
patients were mixed with appropriate volumes of physiologic saline solution con- 
taining varying concentrations of serum albumin in order to give a reconstituted 
erythrocyte-protein solution mixture of approximately the same hematocrit as 
the original venous blood sample. The hematocrit of each reconstituted 
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Fig. 4.—The influence of protein concentration of plasma on the hematocrit as measured 
by electronic hematocrit meter. Abscissa, mean difference of hematocrit expressed in hema- 
tocrit per cent units, as measured by two different methods (electronic hematocrit minus centri- 
fuged microhematocrit) on reconstituted blood from seven patients. Ordinate, concentration of 
albumin (Grams per 100 ml.) in physiologic saline used to reconstitute blood with packed 
erythrocytes from seven patients. 
mixture was determined both by the centrifuged capillary microhemato- 
crit method in duplicate and by the electronic hematocrit meter. The readings 
were found to be dependent on protein concentration (Fig. 4). At 7.4 Gm. 
per cent protein, a physiologic level, the mean error of the determination was 
only —0.6 hematocrit per cent units. However, at 11 Gm. per cent protein, the 
readings were uniformly high with a mean error of + 6.6 hematocrit units, and 


at low protein concentration (4.9 Gm. per cent and 2.5 Gm. per eent protein) 





Volume 57 NEW ELECTRONIC METHOD FOR MEASURING HEMATOCRIT 641 
the readings were uniformly low (mean errors of —6.3 and —9.9 hematocrit units, 
respectively). Hence the reading of the electronic hematocrit meter is subject 
to correction in patients suspected of having abnormally large deviations in 
total serum protein concentration. 

Blood electrolyte concentrations, including sodium and potassium, were 
measured on twenty-seven of the eighty-seven patients studied. These were done 
at the time hematocrit determinations were made. However, these did not in- 
clude a sufficient number of patients with grossly abnormal electrolyte values 
to evaluate the effect of such changes. However, theoretical considerations 
suggest that changes of electrolyte concentration within the range compatible 
with life are unlikely to introduce major error in this technique. 


SUMMARY 


The technique employing the electronic hematocrit meter utilizes the prin- 
ciple that the electrical resistance of a column of blood is a function of the rel- 
ative volume per cent of erythrocytes. The instrument is small (634 by 514 
by 3 inches), light (about 2 pounds), and portable, and operates on a small 
self-contained battery source. Measurements with this instrument of the hemato- 
erit of finger-tip capillary blood were compared with the centrifuged micro- 
hematocrit ; the standard deviation was + 3.0 hematocrit per cent units. This 
instrument is valuable in circumstances requiring very rapid hematocrit deter- 
minations or where a fixed electric power source in unavailable; for example, 
when a large number of traumatized patients must be handled simultaneously, 
or under wartime conditions. Because of elimination of error introduced by 
plasma trapping, the measurement of hematocrit by the electronic hematocrit 
meter may conceivably prove to be a more useful technique clinically than is 
measurement by centrifugation techniques. 


Addendum.—Hematocrit measurements done on twenty-nine more patients showed a 
better correlation between the centrifuged microhematocrit and the electronic hematocrit. The 
difference in results obtained from seventeen patients was between +1 hematocrit per cent 
unit. In eleven, the difference was between +2 and +3 hematocrit per cent units. Only in one 
patient was the difference as great as 5 hematocrit per cent units. 
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BONE MARROW BIOPSY: MODIFICATION OF THE VIM- 
SILVERMAN NEEDLE 
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WasHIneTon, D. C. 


A modification of the Vim-Silverman needle is described which better 
adapts it for bone marrow biopsy. Percutaneous biopsy with this instrument 


provides adequate tissue for examination when aspiration techniques have failed. 


DEQUATE examination of bone marrow is essential for evaluation of many 
hematologic disorders. Aspirates usually provide sufficient material for 
appropriate study of this tissue, but in a small percentage of patients aspiration 
fails to yield an adequate specimen.t When this occurs in experienced hands it 
is usually indicative of a serious underlying pathologie condition.2 Many 
techniques have been proposed to obtain marrow specimens when aspiration 


techniques were fruitless.2 The Vim-Silverman biopsy needle provides the best 
biopsy specimen without resorting to surgical procedures.’ Recently we have 
modified this instrument so that it is better adapted to this purpose. 


MATERIALS AND METHODS 


The Vim-Silverman needle for liver biopsy was modified as shown in Fig. 1. The 
cannula measured 7.5 cm. in over-all length. The biopsy blades extended 1.8 cm. beyond 
the cannula. The tips of the cutting blades were beveled outward to prevent excessive splay 
during the biopsy procedure. 

The biopsy procedure was performed with the patient in the prone position. A point 
on the opposite iliae crest 1 em. cephalad to the posterior superior iliac spine was identified 
and marked. The overlying skin was prepared with antiseptic and the skin, subcutaneous 
tissue, and periosteum were infiltrated with local anesthetic. The biopsy needle with obturator 
was introduced through the skin. The bony cortex of the posterior iliac crest was reached 
and penetrated in a laterocephalad direction by rotary motion of the needle. Once the mar- 
row cavity was entered and the obturator withdrawn, the biopsy blades were inserted the 
length of the cannula. The biopsy blades were then advanced the remainder of their length 
with a forward, nonrotary motion. They were held in place while the cannula was passed 
over their length in a rotary fashion. Then either both cannula and blades may be simul- 
taneously withdrawn, or only the biopsy blades withdrawn to permit subsequent aspiration 
through the cannula. The marrow plugs were fixed in Zenker-formol solution for 24 hours 
to permit decalcification before sectioning. Pressure over the biopsy site for 5 to 10 minutes 
was sufficient to control bleeding. 

—_ ‘< -y Department of Hematology, Walter Reed Army Institute of Research, Wash- 
ington, ° ° 
‘ Received for publication June 27, 1960. 
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RESULTS 

Failure to obtain adequate bone marrow aspirates is a result of faulty tech- 
nique or it is evidence of a significant underlying pathologie condition. In 
experienced hands a marked decrease in marrow cellularity (aplasia, hypoplasia) 


or the presence of abnormal cells (fibrosis, leukemia, metastasis) can usually be 
demonstrated by bone marrow biopsy.*° (Fig. 2.) 
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Fig. 1.—Modified Vim-Silverman biopsy needle is shown. The magnified insert illustrates the 
outward bevel of tips of the cutting blades. 


DISCUSSION 


Several techniques** have been deseribed which permit nonincisional biopsy 
of bone marrow. In some, needles are employed that are specially designed 
to entrap particles within threads or grooves when rotated in the marrow eavity. 
The most popular has been a small trephine described by Turkel.* 

In our hands and those of others,’ each of these techniques fails to provide 
consistently adequate. marrow specimens. Until recently we preferred surgical 
biopsy. Wedge sections or trephining of bone and marrow through an incision 
provides an adequate specimen but requires more extensive anesthesia and 
greater discomfort to the patient. The procedure must be performed in an 
operating room and examination of the specimen is delayed because of the pro- 
longed decalcification that is required.” § 

McFarland and Dameshek® employed a Vim-Silverman needle to obtain 
bone marrow for biopsy. Excellent specimens are obtained by this method. 
However, the Vim-Silverman needle is adapted for soft tissue biopsy. The bony 
trabeculae of the marrow frequently bend the eutting blades beyond repair. The 
blades are usually wedged open in the marrow and cannot be withdrawn through 
the cannula to permit aspiration. Occasionally a metallic fragment may remain 
in the marrow after biopsy. 
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Decreasing the length of the conventional Vim-Silverman biopsy needle 
permits increased stability. 


An outward, rather than an inward, bevel on the 
tips of the cutting blades prevents excessive splay when material is being 


ob- 
tained for biopsy. Damage to the blades is minimized and withdrawal of 


the 
specimen through the cannula is possible. 


WAVE 


“¥%. 


Fig. 2.—Examples of bone marrow specimens obtained by this technique. Low magni- 
fications (5) showing the entire biopsy specimen border; higher power (X<100) photomicro- 
graphs of the bone marrow. The specimens show A, fatty, and B, aplastic marrow, C, mild 
hypoplasia, and D, hyperplasia, Z, myelofibrosis, and F, marrow infiltration by lymphosarcoma. 


The posterior iliae crest is utilized for biopsy because of the depth of the 
marrow at this site.? Prone positioning of the patient produces greater stability 
than the lateral recumbent position. Biopsy specimens have also been obtained 
from the anterior iliac crest and the tibial plateau. 


We believe sternal marrow 
biopsies by this method are contraindicated. 


SUMMARY 


A modification of the Vim-Silverman needle is described which better adapts 
it for bone marrow biopsy. The method provides adequate tissue for examina- 
tion when aspiration techniques have failed. 
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MEASUREMENT OF VISCOSITY OF BIOLOGIC FLUIDS BY 
CONE PLATE VISCOMETER 
Roz E. WE tts, Jr., M.D.,* RoBert Denton, M.D.,** AND 
Epwarp W. MERRILL, D.Sc. 
BostoN AND CAMBRIDGE, Mass. 


Viscosity of a fluid is defined as the ratio of shear stress to sheer rate. 
Shearing occurs as the result of the internal friction of the fluid layers moving 
over one another during flow. For simple fluids this relationship is linear. The 
presence of colloidal suspensions or macromolecular substances usually cause 
marked alinearity of this shear stress-shear rate relationship. Biologic fluids 
such as blood, which contains protein and a colloidal suspension of cells, have been 
demonstrated to have anamolous flow properties, i.e., a nonlinear change in vis- 
cosity with a constantly increasing or decreasing shear rate. 

A cone plate viscometer capable of recording absolute values of shear 
stress and shear rate is described. 


The instrument permits the rapid analysis of 
small samples of fluid. 


Whole blood was shown to consistently demonstrate 
pseudoplastic (shear thinning) flow behavior. Samples of mucus from the 
respiratory tract also demonstrated the same characteristics at considerably higher 
values of viscosity. 


ITH rare exception studies of viscosity of biologie fluids, primarily blood, 

have involved the use of the Ostwald U tube or similar capillary tubes.*~“ 
These methods which determine viscosity as a function of the rate of flow 
through a tube are applicable only to simple fluids of low molecular weight 
which do not contain suspended particles. Because such fluids were the type 
studied by Isaac Newton in his works on fluid flow and viscosity they are 
characterized as Newtonian fluids. The law defining the measurement of vis- 
cosity by means of capillary tubes was first recorded by Poiseuille.© He de- 
veloped the formula relating viscosity (7) to the flow rate (Q), the pressure 
drop across the capillary (AP), the radius (r), and the length of the capillary 

x (AP/L)r* 


(L) as follows: 7 = 3Q - Although his first work concerned direct 


observations of blood flow in mesenteric vessels of small animals, he resorted 
to water as his model fluid when he developed the classic formula concerning 
the dynamics of flow through eapillary tubes. A number of investigators 
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have demonstrated that biologic fluids such as blood®* and mucus* have 
anomalous flow characteristics and do not behave as simple fluids. Com- 
mon to such fluids, which appropriately are called non-Newtonian, is 
a substantial content of dissolved macromolecular substance (e.g., protein) 
and, in the ease of blood, a high content of suspended particulate mat- 
ter (red blood cells). The same non-Newtonian characteristics are common to 
many fluids outside the field of biology, e.g., paints, inks, clay suspensions, ete. 
In order to determine the viscosity of a fluid with anomalous flow properties 
it is necessary to use an instrument in which all of the fluid under test is ex- 
posed to a uniform shearing stress and shearing rate, and in which each of these 
effects is separately determinable. Capillary tubes are incapable of quantitating 
these separate factors, since the shear stress in a fluid flowing through a capillary 
tube varies from zero at the central axis to a maximum at the wall. In the case 
of non-Newtonian fluids, the shear rate does not vary linearly with the change 
in radius from axis to wall. Capillary tube viscometry yields only a one point 
measurement on the shear stress versus shear rate curve that describes the 
rheologie behavior of a fluid. This is satisfactory for Newtonian fluids in which 
the shear stress-shear rate relationship is linear and in which the origin of the 
line passes through zero, but for non-Newtonian fluids a single point on a curve 
of a nonlinear function will not allow a meaningful derivation. This single value 
determination for such fluids is valueless for two reasons: (1) unless the mathe- 
matical relation between shear stress and shear rate is known a priori, it is 
impossible to deduce the shear rate corresponding to an observed shear stress; 
and (2) not one but several values of shear stress (obtained by varying capillary 
radius, length, or pressure drop) are needed to confirm a postulated relation 
between shear stress and shear rate. 

This report describes the analysis of two biologie fluids, one of low vis- 
cosity and one of high viscosity, by means of a viscometer capable of indicating 
as a point value the shear stress that develops when a liquid is held at a uniform 
shear rate for several different values of shear rate. The sample required for 
analysis is small (less than 3 ml.), the period of observation required is brief, 
and fluids with broad ranges of viscosity can be analyzed. Since biologie fluids 
must experience a variety of different shear rates in vivo (on the basis of vary- 
ing sizes of vessels and different rates of flow) an accurate record of viscosity 
at physiologically significant rates of shear is essential to any study of fluid 
flow and in studies of the dynamies of the cireulation of blood, it is eritieal. 


DESCRIPTION OF INSTRUMENT 


The principle of the cone plate viscometer described here involves the rotation of a 
flat cone upon a plane surface (the plate) at different selected speeds of rotation (different 
shear rates). A torque measuring device connects the driving mechanism to a vertical 
spindle from which the cone is suspended. A small sample of fluid between the cone and 
plate offers a resistance to the rotation of the cone and develops a torque to a degree that is 
a function of the shear stress in the fiuid. Knowing the geometric constants of the cone, 
and observing the rate of rotation and the torque, one can determine separately the shear 
stress and the shear rate in the liquid. By changing the number of revolutions per minute 
and thereby the rate of shear, a series of values of the shearing stress can be obtained, and 
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by plotting these values against one another the rheologie characteristics of fluid can then 
be defined directly in terms of a shear stress-shear rate diagram. One may then plot 
the viscosity value (shear stress/shear rate) against the shear rate or shear stress. The various 
categories under which the viscosity of all non-Newtonian fluids are classified is based upon 
the plot of the relationship of viscosity and shear rate.® 
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Fig. 1.—Line diagram of viscometer showing relationship of motor, dial, spindle, and cup 
housing. 


The instrument used in these studies is an adaptation of an industrial viscometer* in 
which the torque measuring device is a calibrated beryllium copper spring mounted on the 
drive shaft. A long pointer fixed to the spring extends perpendicularly to override a num- 
bered dial that rotates in phase with the drive shaft. The degree of the deflection of the 
spring is linear in relation to the torque applied to the cone. Therefore, in the absence of 
a test sample the pointer remains at zero torque position during rotation. Various speeds 
of rotation can be selected by means of a simple clutch connected to a reduction gear system 
incorporated in the driving motor mechanism. The degree of deflection caused by the samples 
in which the cone rotates can be read off the dial for each revolutions per minute setting 
and the corresponding shear stress and shear rate can be at once determined (see below). 

The stationary plate takes the form of the bottom of a rhodium cup, which is attached 
to the rim of heavy aluminum cylinder projecting down from the motor housing to the level 
of the cone. In order to facilitate easy removal of the cup and yet maintain precise position 


™ *Brookfield Synchroelectric viscometer, Brookfield Engineering Laboratories, Stoughton, 
Mass, 
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and clearance in relation to the cone, the lip of the cup is held in the channel of a metal 
ring which is joined to the cylinder housing by a threaded groove. The cup is locked into 
the channel by a spring loaded clamp. The metal ring to which the cup is attached is 
threaded and thus engaged with the aluminum cylinder, turning on this as a nut on a bolt. 
The thread pitch is such that one full turn (360 degrees) causes a rise or fall of the cup 
a distance of 0.024 inch. Once a precise clearance between cone and plate is determined 
the ring can be locked by a tightening nut on the ring so that as the cup is remounted in 
the channel after change of samples there will be no change in clearance. The clearance is 
determined by rotating the ring clockwise so that ring and cup rise to impinge upon the 
tip of cone as noted by a sudden deflection of pointer. The ring and cup are then backed 
off by counter rotation until the pointer just swings back to zero position. Further rota- 
tion of 15 degrees leaves a clearance of 0.001 inch. The cone has a diameter of 50 mm. and 
an angle of 2 degrees 50 minutes. The cup has a 54 mm. internal diameter and 20 mm. depth. 
The entire unit is supported on a vertical bar with a tripod stand. A rack and pinion gear 
on the bar permits the lowering of the unit into a water bath. The complete unit is one 
foot tall and weighs 9 pounds (Fig. 1). 

The study of fluids with low apparent* viscosity such as blood, ascitic fluid, joint 
fluid, ete., was carried out with a 4 speed model (6, 12, 30, and 60 r.p.m.) with a maximum 
spring torque of 673.7 dyne centimeters. Fluids of high apparent viscosity such as mucus 
were studied with an 8 speed model (0.5, 1.0, 2.5, 5, 10, 20, 50, and 100 r.p.m.) with a 
maximum spring torque of 7,187 dyne centimeters. 


Derivation of Shear Rate.—In a cone plate viscometer when the apex of the cone just 
touches the plate, the width of the gap at a certain radius from the apex and the peripheral 
velocity of a point at the same radius on the conical surface of the cone are each linearly 
proportional to the radial distance from the center (apex). Consequently the shear rate 
(peripheral velocity/gap width) is independent of the radial position of any element of 
fluid and thus the shear rate is uniform for all elements of the fluid at all radial distances. 
Shear rate is related to revolutions per minute as follows: let theta (@) = angle of diver- 
gence and r = radial distance from apex of cone. For small angles of theta, the gap clearance 
I in centimeters as a function of radial distance r from the apex is H = r sin @ At the 
same distance the peripheral velocity (V) in centimeters per second at point p on the cone 
is Vp = 2arN/60 where N equals revolutions per minute. The shear rate y (velocity gradient) 
is given by: 


Vp _ 2arN/60 27N/60 
H rene sin 6 


Yor 


the dimensions of which become 1/seconds (sec.-1). In the present instrument with a cone 
angle of 2 degrees 50 minutes, the shear rate y, calculated from the preceding equation, 
is related to revolutions per minute (N) by the relation: y = 2.06N. Thus, at 6, 12, 30, 
and 60 r.p.m. the shear rates are 12.4, 24.7, 61.8, and 123.6 inverse seconds (1/sec.), respec- 
tively. 

Derivation of Shear Stress ——The torque T in dyne centimeters acting on the cone of 
the viscometer (and measured by the calibrated spring) is related to the shear stress in 
the liquid sample T in dynes per square centimeter as follows: visualize the shearing sur- 
face of the flat cone as consisting of successive concentric rings of narrow width dr. Within 
any ring the surface area is 27rdr em.2; the total shearing force developed against the 
liquid is T - 27rdr dynes; the torque (force times moment arm) exerted on the ring is 
r- f+ 2a7rdr dyne em. Since in the analysis of shear rate it is clear that shear rate y is 
independent of the radial distance, so shear stress T must be independent of radial distance. 
Thus in the integration required to assess the torque produced cumulatively by all rings 
on the conical surface from the apex (r = 0) to the edge (r = r,), T is a constant. 

*The word apparent as used in rheologic discussions is intended to signify that (1) the 


liquid referred to is non-Newtonian and (2) this being so, the viscosity referred to is com- 
puted as the ratio of shear stress to shear rate, at some specified shear rate. 
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Henee: “Ir 
ence T — 2ar7 J ® r2dr 
° 


wet = 3a =) 
Since the torque is read in divisions on a dial from zero to 100 and the maximum torque at 
100 divisions is 673.7 dyne em. for the particular spring used, the final working equation 
for the instrument (r, = 2.5 em.) becomes T = 0.206 B dyne/em.2 where B — number of 
divisions read from pointer position on the dial. By definition the viscosity (7) is de- 
fined as Shear stress (T) in dyne/em.2 or poise. The result multiplied by 100 yields the more 
shear rate (7) : , ’ 
commonly used unit of centipoise. 

The volume of the sample required with this instrument is 2.5 ml. Fluid volume 
slightly in excess of this amount will not create an ‘‘edge effect’’ as does excess fluid in 
a Couette type (concentric cylinders) viscometer since a small amount of fluid over the 
edge of the cone does not influence the shear stress. 


Fig. 2.—Photograph of cup used in studies of mucus samples with side ports for thermometer 
position. 


During studies on the viscosity of mucus from the respiratory tract it became apparent 
that with highly viscous samples the gap between cone and plate would not always remain 
uniformly filled with the fluid. This was due to both viscous and elastic behavior in which 
the sample would roll up and become a firm ball. Therefore, in a effort to maintain re- 
producible values for shear stress and shear rate the cone was changed to a flat disk with 
many small pegs (1.5 mm. length, 1 mm. diameter) projecting from its lower surface 
while the stationary plate had similar projections placed so as to interdigitate with the pegs 
of the cone. Obviously absolute values of shear rate were sacrificed so that the observed 
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shear stress is recorded only in relation to the observed revolutions per minute. The pegged 
plate still allows the use of a method which allows a reproducible technique of analyzing 
samples collected under different conditions and which continues to avoid the inherent limita- 
tions of the capillary tube method for these fluids. 


METHOD 


Blood samples were obtained from hospitalized patients and normal subjects. All 
samples were analyzed for hematocrit, serum protein, and cholesterol concentrations, the lat- 
ter two determinations reported as normal in all subjects studied here. Blood was drawn 
from an antecubital vein through a stainless steel No. 18 needle into a silicone coated glass 
syringe. The sample was immediately transferred, as gently as possible, to the rhodium cup 
from the syringe without use of the needle. No anticoagulants were used. An arm tourni- 
quet was applied loosely while very little negative pressure was placed on the syringe barrel. 
The cup was inserted in the ring joining it to the viscometer and the unit was lowered into 
a constant temperature water bath. All equipment was maintained at 37° C. prior to with- 
drawal of the sample. At least 3 determinations of shear stress were made at each revolu- 
tions per minute setting. In most instances, three or more observations could be made at 
all four speeds before clotting began. Clotting could be easily noted by the sudden erratic 
motion of the pointer and its progressive swing to full scale deflection. 
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3.—Plot of shear stress against shear rate for three samples of blood with hematocrit as 
noted. (A), Straight line plot of Bureau of Standards calibration oil. 


Samples of mucus were obtained from patients with chronic obstructive emphysema 
with superimposed bronchitis. Samples were collected by aspiration from a tracheostomy 
orifice by suction into a sputum collection tube, and in some cases during bronchoscopy. 
In certain cases only a single bolus of highly viscous mucous could be obtained. Such samples 
could be used for analysis only by cutting them in fractions with scissors in order to place 
them between the two pegged plates. In an effort to maintain humidity as well as body 
temperature, heated and humidified saturated air (37° C. + 2°) was drawn across the sample 
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in the cup during the test. Two small plastic ports capable of holding thermometers at 
the input and output orifices of the cup were used in order to monitor the moist air draft 
at the time of testing (Fig. 2). 


RESULTS 


The cone plate arrangement described produced a family of curves for 
whole blood that consistently showed pseudoplastie (shear thinning) behavior 
(Fig. 3). Although varying concentrations of red cells (hematocrit) shifted 
the curve up or down the viscosity scale, pseudoplasticity (shear thinning) to 
varying yet substantial degrees was always observed (Fig. 4). The viscometer 
gave reproducible values of shear stress at each value of shear rate (revolutions 
per minute). The thin layer of blood between cone and plate, the rotation of 
the cone, and the short period of observation prevented settling out of the red 
eells. The maximum shear rate (60 r.p.m.) was far below the angular velocity 
necessary to cause turbulence. The low torque instrument was calibrated by 
use of a Bureau of Standard calibration oil H (Lot No. 11) with a stated vis- 
cosity of 6.775 centipoise at 24° C. and 4.635 centipoise at 37° C. The results 
obtained with the instrument described here agreed precisely with these values 
at both temperatures. Silicone oils which are extremely stable can also be used 
for calibration purposes. 
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Fig. 4.—Plot of viscosity versus shear rate ape pseudoplastic flow behavior of whole 

The tests on mucus with the interdigitating pegged disk plate arrangement 
and with a heavier torque spring (7,187 dyne/em. full seale) showed varying 
rheologic flow patterns but in most samples studied shear thinning was demon- 
strable (Fig. 5). In many cases elasticity as well as viscous flow was noted. 
Elasticity was observed as follows: with the drive shaft locked, the flat pegged 
plate was rotated through varying angles up to 45 degrees. The pegged disk 
carried on the spindle moved in phase causing deflection of the spring and 
thereby the pointer. If the fluid were purely viscous, the spring would have 
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gradually returned to zero torque. In eases of elastic behavior it did not return 
to zero unless the pegged plate underneath was returned to its initial position. 
The major technical problem with this fluid concerned the small viscoelastic 
balls of mucus that did not fill the disk plate gap completely so that shear 
stress values could not be compared. Forcing the sample to fill the gap by 
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Fig. 5.—Plot of torque versus revolutions per minute in sample of mucus obtained from respira- 
tory tract in patient with chronic bronchitis and emphysema. 


compression was done but reservations must be had as to the influence of this 
form of shear upon the final values. Excessive shear imposed upon the mucous 
sample might also lead to destruction of gel networks, ete. Hence shear stress— 
shear rate diagrams of highly viscous fluids must be examined for sudden 
changes in direction which would reflect a change in internal structure as a 
result of extreme degrees of shearing. One report in which difficulty was 
found in the analysis of mucus viscosity included the statement that the sam- 
ples were homogenized before the final analysis.‘ The destruction of the gel 
networks and alterations in viscosity by this maneuver would preclude any 
valid observation of flow behavior. To a certain extent the high torque im- 
posed on the viscous samples analyzed here may lead to physical dissolution of 
the mucus structures and therefore rheologiec curves may reflect in part the 
influence of these changes as well as pseudoplastie flow behavior. The inten- 
tion in describing such a viscous material was to test and describe a fluid that 
might approach the maximum viscosity found in biologie samples. 


DISCUSSION 


The extensive literature pertaining to the use of eapillary tube methods 
for the measurement of viscosity of blood suggests that on the one hand a num- 
ber of workers continue to regard this protein solution as a simple Newtonian 
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fluid, and on the other hand that, in those cases where the possibility of non- 
Newtonian flow is anticipated, the capillary tube has been chosen on the grounds 
that the in vitro experiment must be carried out in a device geometrically 
equivalent to the conducting vessels as they exist in vivo. Unfortunately, 
small concentrations of protein (large molecular structure) or the presence of 
high concentrations of suspended particles (40 per cent red cells) in blood 
nullify the eriteria of a Newtonian or even homogenous fluid. The determina- 
tion of the viscous properties of such fluids as blood, plasma, lymph, or mucus 
requires the simultaneous recording of both shear stress and shear rate. If 
these fluids were simple (Newtonian) fluids their viscosity could be derived 
from their flow through a capillary tube of known diameter, length, and under 
a fixed head of pressure. Since flow in capillary tubes involves an infinite num- 
ber of rates of shear varying from zero at the central axis to a maximum at 
the wall it would appear mathematically impossible to obtain an absolute value 
of viscosity unless the precise viscous character of the fluid under study were 
already known. For similar reasons falling ball viseometers and the dampen- 
ing phenomenon of vibrating probes inserted in the fluid also fail to produce 
absolute values for shear rate and shear stress. The falling ball contains the 
same limitations as the capillary tube in that although the shear stress on the 
ball is determinable, the shear rate which has maximum value at the ball sur- 
face is indeterminable by any direct measurement. Only if the shear stress— 
shear rate relation is known a priori ean the falling ball give useful results. 
The dampening effect of the fluid upon a vibrating probe also fails to obtain 
a known rate of shear for any given vibration frequency. Both the concentric 
cylinder type (Couette) viscometers in which the gap width is small compared 
to the radius of the gap and the cone plate viscometer permit absolute measure- 
ments of shear stress and shear rate as point values. (The sliding plate vis- 
cometer, theoretically sound. is limited practically to very viscous materials 
such as asphalt.) One report in which a falling ball viscometer was used stated 
that blood exhibits both dilatant (shear thickening) and thixotropie rheologic 
behavior.’ In a elassie dilatant fluid the shear stress increases more than in 
proportion to the shear rate; thus the viscosity increases with shear rate. Ex- 
amples are certain sand-water and starch granule—water suspensions. In the 
ease of blood, dilatant behavior would appear on theoretic grounds alone to 
be precluded, for such a situation would imply greatest viscous restance in 
the heart and in the major vessels. These experimental data show conclusively 
pseudoplastic flow which is exactly antithetic to dilataney. Thixotropy has 
no commonly accepted standard meaning. Two interpretations are commonly 
presented, neither of which appear applicable to the description of blood: 
(1) Thixotropy means the fluid has a yield stress such that shearing stresses 
less than this will not cause it to move. If blood has a yield value, it would 
presumably come to a condition of permanent stagnation in various parts of 
the capillary system. (2) Thixotropy is understood to denote a fluid in which 
the variable of time of shear must be added to the two variables already des- 
eribed (shear stress and shear rate). Thus, in such a fluid exposed to constant 
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shear rate, the shear stress is ebserved to decrease with duration of the shearing 
experience. No evidence of time dependency was observed in the experiments 
on blood cited previously. 

Although contemporary studies of blood viscosity continue to involve eapil- 
lary tube methods, a number of workers had previously emphasized that blood 
viscosity was anomalous in its behavior. Brundage® using a Couette viscometer 
recorded the results of studies on human blood using oxalate as an anticoagulant. 
His tabular data were later plotted by Lamport"! revealing the characteristic 
curves of a pseudoplastie fluid. Lamport also translates data from a thesis 
on blood viscosity in which the apparent viscosity was plotted against linear 
velocity for a family of capillary tubes of varying sizes. These curves also 
reveal the pattern of pseudoplastic flow. One of the more comprehensive dis- 
cussions of these matters had been presented by Bayliss.12 The problem of 
translating in vitro studies of blood viscosity to the dynamies of flow in capil- 
laries is discussed in relation to the observation that red cells concentrate in 
the axial stream during flow through small vessels. This phenomenon has 
been used as an explanation of the findings that blood viscosity decreases dur- 
ing flow in capillary tubes.*?. In a more recent report by Bayliss,?* the evidence 
both for and against axial streaming is discussed and it is emphasized that the 
development of a marginal zone of plasma showed no correlation with the re- 
duction in the apparent viscosity accompanying an inerease in the rate of flow. 
Clearly the rheologie characteristics of blood, plasma, and other elements of 
whole blood must be defined in terms of their absolute viscosity—shear rate 
relationship if these various phenomena are to be further quantified. 


SUMMARY 


An analysis of the viscosity of certain biologic fluids has been made by 
the use of a cone plate viscometer. This instrument, capable of reporting 
absolute values of viscosity, permits the rapid analysis of small samples of fluid 
under direct observation. Absolute values of shear stress and shear rate are 
obtained and the rheologie characteristies of the fluid derived therefrom. Whole 
blood and certain samples of mucus have been shown to be pseudoplastic 
(shear thinning) in character when analyzed by this method. 


We are deeply indebted to Mr. Donald W. Brookfield for his technical assistance, 
helpful criticism, and many valuable suggestions during the course of the redesign of his 
original instrument. 
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USE OF I**?-LABELED ANTIGENS IN GEL DIFFUSION 
PRECIPITATE REACTIONS 


Roy Patterson, M.D. 
PITTSBURGH, PA. 


[131-trace labeled proteins have found a variety of uses in immunologic 
studies. The present study describes the use of I1%1-trace labeled antigens in 
gel double diffusion precipitin reactions. With low concentrations of antigen 
and antibody, the immune aggregates in gel may not be grossly visible, yet 
they become evident by autoradiography of the gel mediwm when I1%1-trace 
labeled antigens are used. This resulted in a hundred fold increase in sensitivity 
of the technique. 


NTIGENS labeled with I'** may be used in gel diffusion reactions to in- 
crease the sensitivity of detection of precipitating antibody. Interpreta- 
tion of gel diffusion reactions usually depends upon the visual observation of 
an immune aggregate, and, with low concentrations of antigen and antibody, 
this aggregate may be below the visual threshold, yet still evident by auto- 
radiography. Using antigen labeled with I**' as one of the reactants in a gel 
double diffusion reaction, the sensitivity of detection of precipitin reactions 
was increased greatly by the application of autoradiography. 


METHODS AND RESULTS 


I131-Labeled Antigen.—Bovine serum albumin (BSA),* and bovine serum gamma 
globulin (BGG),t were labeled with 1131 by the method described by Weigle and Dixon.1 

Antisera.—Rabbit antisera against BSA and BGG were obtained from hyperimmunized 
rabbits prepared by a series of injections totaling 250 to 300 mg. of either BSA or BGG 
given over a 2 to 4 month period. The last injection was given 7 days before withdrawal 
of blood. 

The antibody levels of the antisera were determined by the quantitative immuno- 
chemical procedures developed by Heidelberger and co-workers.2 The protein nitrogen 
(N) was measured by the Markham modification of the micro-Kjeldahl technique.? 
Anti-BSA serum contained 2.18 mg. of antibody nitrogen per milliliter, and anti-BGG 
serum contained 1.198 mg. antibody nitrogen per milliliter. 

Gel Diffusion Slides—The agar was dissolved in distilled water in a boiling water 
bath and cooled to 60° C. prior to pipetting on 4.5 x 11 mm. glass slides. Wells, 5 mm. 
in diameter, were cut by a cork borer and were centered 10 mm. apart. Each well was 
charged with approximately .05 ml. of the respective antiserum or [131 antigen. A total 
of 16 slides were divided into 4 sets. A set consisted of 4 slides prepared with serial 
tenfold dilutions of both I131 antigen and antibody, as shown in Table I. Three of 
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the sets were incubated for 24 hours at 4° C., at which time a visible precipitin band 
was evident with the highest concentrations of reactants, while the fourth set of slides 
was incubated for an additional 2 weeks for observation of any possible additional pre- 
cipitin band formation at the lower concentrations. The 3 sets of slides incubated for 24 
hours were washed for 24 hours in 0.15M NaCl to remove as much unbound [131 antigen 
and serum as possible; 2 of these sets of slides were then dried. The third set was 
stained by the method of Courcon and Uriel,3 with the substitution of azocarmine G for 


TABLE I. RESULTS OBTAINED BY GEL DIFFUSION REACTIONS ANALYSED VISUALLY AND BY 
AUTORADIOGRAPHY 























| ANTIBODY (ug OF | | | 
RABBIT ANTI-BSA | ANTIGEN (yg 1131) REACTION WITH 
SLIDE NO. n/ML. ) | BSA* n/ML.) | VISIBLE REACTION | AUTORADIOGRAPHY 
1 110 20 Positive Positive 
2 11 2 Negative Positive 
3 1.1 2 Negative Positive 
4 a .02 Negative Negative 





*Specific activity of I! BSA was 7.0 we per microgram of protein nitrogen. 


Fig. 1.—Gel diffusion reaction with 110 wg anti-BSA N and 20 wg I*' BSA N stained with 
azocarmine G. 


aumido-schwartz as the-dye. Autoradiographs of 1 set of slides were prepared as follows: 
the dried gel surface was placed in contact with Eastman Kodak Contrast Lantern 
Plates, exposed in the dark for 2 weeks, and developed for 3 minutes in Eastman Kodak 
Dektol 1:1. The results of autoradiography with the [131 BSA-anti-BSA system are 
shown in Table I. A visible reaction on the gel diffusion slides was obtained with 110 
ug of rabbit anti-BSA nitrogen per milliliter and 20 wg of 1131 BSA nitrogen per milliliter 
but not with a tenfold or greater dilution of these reactants. However, autoradiography 
revealed precipitin bands with as little as 1.1 wg anti-BSA nitrogen per milliliter and 0.2 
ug 1151 BSA nitrogen per milliliter. The stained precipitin band of slide 1 is shown in 
Fig. 1. The autoradiographically recorded reactions of slides prepared with 11 yg and 
1.1 wg anti-BSA N are shown in Figs. 2 and 3. Similar results were obtained with rabbit 
anti-BGG and I131 BGG. 

The exposure time of the autoradiographs illustrated was 14 days, at which time 
30 per cent of radioactivity remained. Radioactivity necessary for the autoradiographs 
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shown can be determined from Table II. The exposure time will depend upon the specific 
activity of the radioactive labeled antigen. If slides are prepared by autoradiography 
in duplicate or triplicate, the exposure time may be stopped in one series of slides after 
a few days to determine whether additional exposure of other slides is necessary. 





Dl 


1e. 


Fig. 3.—Autoradiograph of gel diffusion reaction with 1.1 wg anti-BSA N and 0.2 wg of TP 
BSA N. 


Fig. 2.—Autoradiograph of gel diffusion reaction with 11 yg anti-BSA N and 2 ug of I* 
N. 


























Fig. 4.—Diagram indicating areas of gel removed from gel diffusion reaction for counting in 
scintillation counter. 
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The slides which were washed but not dried were placed on a sheet of graph paper, 
equivalent areas of gel were cut out, placed in test tubes, and counted in a Nal crystal 
scintillation counter. The areas counted are shown diagrammatically in Fig. 4. Area A 
was removed from the region of the I131 antigen antibody reaction. Area B, which 
was equidistant from the antigen well but away from the antiserum well, served as the 
indicator of I131 antigen which had diffused from the well and was not removed by the 
washing of the gel. The results shown in Table II provide an approximation of the 
imount of antigen in the region of the antigen-antibody precipitate. Control slides 
charged with normal rabbit serum and I131 antigen showed no significant difference 
between Areas A and B. 


TABLE II. RESULTS FROM COUNTING AREAS OF PRECIPITIN REACTION AND CONTROL AREAS 
FROM GEL DIFFUSION SLIDES 





| ANTIBODY ANTIGEN APPROXIMATE 

(ug OF (ug oF [131 MICROGRAMS OF 
SLIDE | ANTI-BSA BSA n/ COUNTS IN | COUNTS IN AREA BSA N IN REGION 
NO. n/ML.) ML.* ) AREA A AREA B A MINUS B| OF PRECIPITATE 


110 20 5.1 x 105 2.2 x 105 2.9 x 105 5.1 x 10-2 
11 2 3.1 x 104 , 1.9 x 104 3.3 x 10-3 
i 2 .0 x 103 1 x 103 9 x 102 1.6 x 10-4 
1 x 102 . x 102 Not signi- Not significant 

ficant 











2 
11 .02 8. 





*Specific activity of ' BSA = 5.65 ue per microgram BSA N or 5.65 times 10® counts 
per microgram of BSA N in scintillation well counter. 


CONCLUSIONS 


I**1_labeled antigen or antiserum has provided a very sensitive and useful 
adjunct for various immunologie studies. The use of the labeled antigen in 
the present study demonstrates its use in a gel double diffusion precipitin 
reaction, and, by the combination of gel diffusion with autoradiography, the 
sensitivity of a gel diffusion reaction can be increased a hundred fold. 
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